Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


^^RAVS^" 


Bulletia  77 


DEPARTMENT   OF   THE   INTERIOR 
BUREAU     OF     MIMES 

JOS&PH  A.  HOLMES.  DiRBCTOR 


THE  ELECTRIC  FURNACE  IN 
METALLURGICAL  WORK 


BY 
DORSET  A.  LYON,  ROBERT  M.  KEENEY 

AND 

JOSEPH  F.  CULLEN 


The  Bureau  of  Mines,  in  carrying  out  one  of  the  provisions  of  its  oiganic  act — to 
disseminate  information  concerning  investigations  made —  prints  a  limited  free  edition 
of  each  of  its  publications. 

When  this  edition  has  been  exhausted,  copies  may  be  obtained  at  cost  price  only 
through  the  Superintendent  of  Documents,  Government  Printing  Office,  Washington, 
D.  C,  who  is  the  authorized  agent  of  the  Federal  Government  for  the  sale  of  all 
publications. 

The  Superintendent  of  Documents  i$  not  an  official  of  the  Bureau  of  Mines,  His 
is  an  entirely  separate  office  and  he  should  be  addressed: 

SUPBRINTENDBNT  OF  DOCUMENTS, 

Government  Printing  Office^ 

WaMngtonf  D.  C. 

The  general  law  under  which  publications  are  distributed  prohibits  the  giving 
of  more  than  one  copy  of  a  publication  to  one  person.  Additional  copies  must  be 
purchased  from  the  Superintendent  of  Documents.  The  price  of  this  publication 
is  25  cents 


First  edition,    October,  1914* 


CONTENTS. 


Part  I.  Deedgn,  construe  don,  and  operation  of  electric  furnaces,  by  D.  A.  Lyon  and 

J.  F.  CULLEN.  p 

Introduction 1 

Development  of  use  of  electricity  in  metallurgical  work 2 

Field  of  the  electric  fiimace  in  metalluigy 2 

Comparison  of  the  electric  furnace  and  the  combustion  furnace 3 

Method  of  producing  heat  in  the  two  furnaces 3 

Ck>mparison  of  heating  efficiency 4 

Limitations  to  electric  heating 5 

Summary *. 6 

Classification  of  electric  furnaces 7 

Resistor  furnaces 7 

Solid  resistor  furnaces 8 

Furnaces  developing  heat  in  the  charge  itself 8 

Furnaces  developing  heat  in  a  core 8 

Furnaces  with  a  wall  between  core  and  charge 9 

Furnaces  without  wall  between  core  and  charge 9 

Furnaces  in  which  the  resistor  is  a  liquid 10 

Electrolytic  furnaces 10 

Nonelectrolytic  furnaces 10 

Arc  furnaces 1 11 

Factors  governing  design  and  construction  of  electric  furnaces 12 

Relation  between  electric  energy  and  heat 12 

Methods  of  heating  with  electricity 13 

Direct  heating  by  resistance 13 

Induction  heating 13 

Construction  of  the  induction  furnace 15 

Indirect-resistance  heating 15 

Arc  heating 16 

Factors  affecting  efficiency 17 

Induction  currents 17 

Self-induction 17 

Eddy  currents 18 

Hysteresis 18 

Lag 19 

Electromechanical  forces  in  the  induction  furnace 19 

Pinch  effect 19 

Centrifugal  effect 21 

Power  factor 21 

Measurement  of  power  factor 21 

Use  of  Ohm's  law 22 

Power  circuits 23 

Regulation  of  the  electric  current 24 

ElectTolysis 25 

Electrolysis  of  water 25 

Electrolysis  of  copper  sulphate 25 

Prerequisites  of  an  electrolyte 26 

Essential  details  of  elec trolysis 26 

in 


IV  CONTENTS. 

Factors  governing  design  and  construction  of  electric  furnaces — Contd.  pags. 

Mechanical  construction  of  furnaces 27 

Factors  affecting  output 27 

Calculation  of  energy  required 28 

Current  and  voltage  necessary 29 

Proper  size  of  interior  of  furnace 29 

Proper  shape  of  crucible 30 

Types  of  furnace  linings 30 

Acid  refractories 30 

Silica 30 

Dinas  brick 30 

Ganister 31 

Fire  clay 31 

Basic  materials 32 

Lime 32 

Blagnesia 32 

Electrically  calcined  magnesite 32 

Bauxite 32 

Neutral  linings 33 

Carbon 33 

Chromite 34 

Alundum 34 

Carborundum 36 

Crystolon 36 

Suitable  refractories 36 

Melting  points  of  refractory  materials 37 

Proper  thickness  of  furnace  walls 38 

Heat  conductivities  of  furnace-wall  materials 38 

Proper  volume  of  crucible 39 

Insulation  desirable 39 

Electrodes 41 

Manufacture  of  electrodes 42 

Carbon  compared  with  graphite  electrodes 42 

Energy  loss  in  electrodes 42 

Efficiency  of  electrodes 43 

Conductivity  of  electrodes 43 

Essentials  in  use  and  design  of  furnace  electrodes 43 

Wattage  as  a  measure  of  flow  of  heat 44 

Formulas 45 

Determination  of  proper  size  of  electrodes 46 

Plroper  construction  of  electrode  holders 47 

Heat  sockets  and  clamps 47 

Top  holders 47 

Side  holders 48 

Essential  details  of  holders 48 

Specially  shaped  electrodes 49 

Tjrpes  of  top  holders 50 

Movable  side  holders 55 

Metallic  conductors  in  electrode  heads 57 

Electrode  dimensions  and  electrode  bundles 60 

Joining  of  electrodes 66 

Electrical  loss  at  joints 66 


CONTENTS. 


Cost  of  electric  power 67 

Hydroelectric  power 67 

Power  produced  by  gaa  engines  and  steam  turbines 68 

Operating  conditions  of  electric  furnaces 70 

Conclusion 71 

Part  II.  The  smelting  of  metals  in  the  electric  furnace,  by  D.  A.  Lyon  and 

R.  M  Kbenby. 

Introduction 72 

Aluminum 72 

Introduction 72 

Prerequisites  for  the  production  of  aluminum  by  present  methods 73 

Processes  for  piu-ifying  bauxite 73 

Hall  process  for  producing  almninimi 74 

H6roult  process  for  the  manui^tiure  of  almninimi 75 

Serpek  process 76 

Present  status  of  aluminum  manufacture  in  the  United  States 77 

Factors  governing  growth  of  aluminum  industry. .  - 78 

New  sources  of  altunina 78 

Processes  for  producing  aluminum  from  ores  other  than  oxides 79 

Tone's  method 79 

Bett's  process 80 

Iron 81 

Present  status  of  electric  furnace  in  belting  iron  ores 81 

Use  of  coke  and  charcoal 81 

Possible  use  of  crude  oil  as  a  reducing  agent 84 

Use  of  electric  iron  reduction  furnace  at  present 84 

Engineers'  report  of  the  experimental  work  at  Trollh&ttan 85 

Quality  of  pig  iron  produced  in  electric  furnace 85 

Value  of  gas  produced 86 

Copper 87 

Present  status  of  the  electric  smelting  of  copper  ores 87 

Experimental  work  of  Vattier,  Schilowski,  Wolkoff ,  and  others 87 

Summary 88 

Lead  ores  and  complex  sulphide  ores 89 

Gold  and  silver  ores 90 

Zinc 91 

Present  methods  of  zinc  smelting 91 

Zinc  smelting  in  the  electric  furnace 92 

Electric  2dnc  smelting  at  Trollhattan  and  Sarpsborg 93 

Equipment  at  the  two  plants 93 

Smelting  process 93 

Results  of  operation  of  furnaces 94 

Conmients  by  Harbord  and  Moulden 95 

Experiments  at  McGill  University 96 

Experiments  of  Johnson 97 

Electric  smelting  of  zinc  sulphide  ores  with  iron  as  a  desulphurizing  agent . .  97 

IVesent  status  of  electric  zinc  smelting 98 

Difficulty  of  condensing  zinc  vapor  into  metal 99 

The  electrode  problem 99 

Retort  and  electrode  consumption 99 

The  fundamental  difficulty 100 

Tin 101 


VI  CONTENTS. 

Part  III.  The  manufacture  of  ferro-alloys  in  the  electric  furnace  by  R.  M. 

JVEENBx.  P&ffO 

Introduction 102 

Early  development  of  the  manufacture  of  ferro-alloys 103 

Development  previous  to  the  use  of  the  electric  furnace 103 

Introduction  of  the  electric  furnace 104 

Present  status  of  the  manufacture  of  ferro-alloys  in  the  electric  furnace 105 

Types  of  electric  furnaces  used  in  ferro-alloy  manufacture 106 

Ferrosilicon  furnace  of  the  Siemens  type 106 

Keller  fiu-nace 108 

Chaplet  fiu'nace 109 

Girod  resistance  crucible  furnace 109 

Girod  arc  furnace 110 

M«*aker  furnace Ill 

Series  fiunace 112 

Helfenstein  furnace 113 

General  construction  of  electric  ferro-alloy  furnaces 113 

Fundamental  parts 113 

Construction  and  life  of  linings 115 

Electrode  holders •. 115 

Types 115 

Waste  of  heat  in  open-top  furnaces 116 

Character  of  electric  current 117 

Some  European  electric-fiunace  ferro-alloy  plants 118 

Keller,  Leleux  &  Co.,  Livet,  Is^re,  Prance 118 

Power  supply 118 

General  plan  of  the  works  and  furnaces 119 

Products 119 

Soci^t^  l^lectro-M^tallurgique  Proc^^s  Paul  Girod,  Ugine,  Savoie,  FVance.  120 

Power  supply 120 

General  plan  of  the  works 121 

Production 122 

Meraker  Electric  Smelting  Co 122 

Power  supply 123 

General  plan  of  works  and  furnaces 123 

Products 124 

Ferro-aluminum 125 

Ferroboron 125 

Ferrochrome 127 

History 127 

Work  of  experimenters 127 

Neumann 127 

Moissan 128 

Experimental  smelting  of  chromite  in  the  electric  furnace 128 

Construction  of  furnace  used 128 

Materials  used  in  charge 128 

Results  obtained 129 

Theory  of  chromite  smelting 131 

Reduction  with  carbon 131 

Reduction  with  silicon  and  other  reducing  agents 133 

Refining  of  ferrochrome 134 

Manufacture  of  ferrochrome 135 

Ores  and  raw  materials  used 135 

Types  of  furnaces  used 136 

Process  of  manufacture 136 


CONTENTS.  Vn 

Perrochrome — Continued.  Pag?. 
Manufacture  of — Continued. 

Power  and  electrode  consumption 138 

Cost  of  manufacture  of  ferrochrome 139 

Selling  prices  of  ferrochrome 140 

Uses  of  ferrochrome 140 

Ferromanganese 141 

History 141 

Experiments  in  the  production  of  ferromanganese 142 

Theory  of  production 142 

Process  of  manufacture 143 

Uses  of  ferromanganese 144 

Ferromanganese^licon 145 

Electric  smelting  of  molybdenite  and  the  production  of  ferromolybdenum 146 

History 146 

InvestigatorB 146 

Guichard 147 

Lehner : 147 

Neumann 147 

Experiments  on  reduction  of  molybdenite 148 

Theory 149 

Process  of  manufacture 150 

Uses 150 

Ferronickel 151 

Experiments  on  the  production  of  natiural  alloys  of  nickel  directly  from  ore 

in  the  electric  furnace 151 

Experiments  at  Sault  Ste.  Biarie 151 

Experiments  at  plant  in  North  Carolina 153 

Experiments  of  Stephan 153 

Ferrophosphorus 154 

Ferroeilicon 154 

History 154 

Theory 155 

Silicidesof  iron 155 

Properties  of  ferrosilicon 158 

Disintegration  and  evolution  of  gas  from  ferrosilicon 160 

Reduction  with  carbon 161 

Production  from  iron  ore  of  ferrosilicon  containing  30  per  cent  siUcon 162 

Production  of  ferrosilicon  containing  30  per  cent  silicon  from  iron  turnings . .  163 

Fifty  per  cent  ferrosilicon 163 

ManufiEu:ture  of  ferrosilicon  in  the  blast  furnace 163 

Manufacture  of  ferrosilicon  in  the  electric  furnace 164 

Raw  materials  used 164 

Character  of  ferrosilicon  plants 166 

Practice 167 

Method  of  charging 167 

Tapping 169 

Changing  electrodes 169 

Slag  formation 170 

Results  of  early  operations 170 

Power  consimiption 171 

Workmen  required 171 

Products 172 

Packing  and  transportation  of  ferrosilicon 172 

Cost  of  manufacture 173 

Uses 174 


vm 


ILLUSTRATIONS. 


Fftge. 

AUoya  of  iron  and  silicon  with  other  elements 175 

Ferrotitanium 175 

Electric  smelting  of  tungsten  ores  and  the  production  of  fenrotungsten 177 

History 177 

Experiments  of  Stassano 178 

Experiments  with  Colorado  ferberite 178 

Conclusions 180 

Theory  of  tungsten  alloys 180 

Reactions 181 

Process  of  manufacture 182 

Uses 184 

Electric  smelting  of  vanadium  ores  and  the  production  of  ferrovanadium 184 

Glossary 186 

Selected  bibliography 190 

Publications  on  metallurgy  and  mineral  technology 208 


ILLUSTRATIONS. 


FlOUBB     1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 

18. 
14. 
15. 
16. 
17. 
18. 
19. 

20. 

21. 
22. 
23. 
24. 
25. 
26. 
27. 


Page. 

Acheson  graphite  furnace 8 

Cross  section  of  electrically  heated  tube  furnace 9 

Acheson  carborundum  furnace 9 

Heroult  2.5  ton,  single-phase  steel  furnace 10 

Stassano  furnace 11 

Cross  section  of  Siemens  vertical-arc  heating  furnace 12 

Curve  representing  a  complete  wave  or  cycle  of  alternating  current. .  13 

A  magnetic  field,  in  which  a  conductor  has  been  placed 14 

Cross  section  of  Girod  furnace 16 

Cross  section  of  Helbeiger  fximace 16 

Cross  section  of  Moissan  furnace  (after  Stansfield) 17 

Cross  section  of  the  bath  of  an  induction  furnace,  showing  effect  on 

Bur&ce  of  bath  of  the  resultant  of  the  different  forces  acting 19 

Different  types  of  electric  furnace  connections 24 

Trollh&ttan  electrode  before  and  after  use 47 

Specially  shaped  electrodes  for  electric  furnaces 49 

Holder  formerly  used  with  carbide  furnaces 50 

Electrode  holder  with  cooling  device 51 

Electrode  holder  with  another  type  of  cooling  device 52 

Detailed  views  of  electrode  holder  satisfetctorily  used  in  carbide 

furnaces 53 

Another  type  of  electrode  holder  satisfactorily  used  in  carbide  fur- 
naces   54 

Water-cooled  electrode  holder 55 

Holder  for  round  electrode 56 

Electrode  holder  cooled  with  water  under  pressure 57 

Electrode  holder  used  in  Germany 58 

Electrode  holder  with  movable  contact 59 

Holder  for  a  block  electrode 60 

Modification  of  holder  for  block  electrode. « 61 


ILLUSTRATIONS.  IX 

Page. 

Figure  28.  Electrode  holder  used  by  the  AktifibolagetElektrometallLudwika.  62 

29.  Electrode  holder  used  by  Nathugius 63 

30.  Electrode  with  iron  connection  in  top 63 

31.  Screw-bolt  electrode  connection 63 

32.  Combination  of  four  screw-bolt  electrodes 64 

33.  Electrode  connection  used  by  Leasing 64 

34.  Electrode  connection  used  by  Keller 64 

35.  Electrode  holder  used  in  Stassano  furnace 65 

36.  Three  types  of  electrode  joints 66 

37.  Aluminum  furnace 75 

38.  Plan  and  elevation  of  Siemens  type  of  ferrosilicon  furnace 106 

39.  Electrodes  and  holders  used  in  Siemens  type  of  ferrosilicon  furnace.  107 

40.  Keller  ferro-alloy  furnace 108 

41.  Plan  and  elevation  of  Chaplet  ferro-alloy  furnace 109 

42.  Plan  and  elevation  of  Girod  resistance  furnace 110 

43.  Plan  and  elevation  of  Girod  electrode  ferro-alloy  furnace 110 

44 .  Plan  and  elevation  of  ferrochrome  furnace  at  Kopperaaen,  Norway .  Ill 

45.  Norw^:ian  and  Italian  electrodes  and  holders Ill 

46.  Plan  and  elevation  of  single-phase  series  ferro-alloy  furnace 112 

47.  Elevations  of  three-phase  series  ferro-alloy  fximace 113 

48.  Elevation  of  Helfenstein  furnace 114 

49.  System  of  electrical  connections  for  several  small  furnaces 114 

50.  Delta  connections  of  three  single-phase  furnaces 117 

51.  Electrical  connections  of  a  three-phase  furnace 118 

52.  Plan  of  Girod  ferro-alloy  plant 121 

53.  Cooling  curves  of  the  iron  silicon  system 157 

54.  Specific  gravity  curves  of  ferrosilicon  samples  containing  varying 

percentages  of  ferrosilicon 159 

55.  Plan  of  ferrosilicon  plant  designed  by  Conrad  and  Pick 167 

56.  Elevation  of  Conrad  and  Pick's  ferrosilicon  plant 168 


IV 

Fact' 


THE  ELECTRIC  FURNACE  IN  METALLURGICAL  WORK. 


By  DoBSEY  A.  Lyon,  Robert  M.  Keeney,  and  Joseph  F.  Cullen. 


PART  I.    DESIGN,  CONSTRUCTION,  AND  OPERATION  OF 

ELECTRIC  FURNACES. 

By  DoRSBT  A.  Lyon  and  Joseph  F.  Oxtllbn. 


INTRODUCTION. 

In  connection  with  its  investigation  looking  to  the  prevention  of 
waste  and  the  increase  of  safety  and  efficiency  in  the  mineral  indus- 
tries the  Bureau  of  Mines  has  undertaken  a  study  of  the  possible  uses 
of  the  electric  furnace  in  metallurgy.  This  bulletin  presents  a  com- 
pilation of  such  data  as  seem  to  be  useful  for  the  information  of 
persons  who  may  be  interested  in  the  matter.  In  the  application  of 
electricity  to  metallurgy  three  kinds  of  processes  are  involved,  namely, 
mechanical,  thermal,  and  electrolytic. 

Under  the  mechanical  application  of  electricity  come  those  proc- 
esses of  dressing  and  concentrating  ores  that  are  known  as  either 
electrostatic  or  electromagnetic  processes. 

In  electrothermic  processes  the  current  is  used  as  a  source  of  heat. 
The  fundamental  differences  between  the  various  types  of  electric 
furnace  that  are  at  present  in  commercial  use  relate  to  the  manner  in 
which  the  electric  current  is  applied,  as  may  be  noted  by  referetLce  to 
that  part  of  this  report  in  which  the  subject  is  discussed. 

In  electrolytic  processes  the  electric  current  is  used  for  depositing 
metals  from  solutions.  The  process  may  be  conducted  in  one  of  the 
following  ways:  (1)  The  material  to  be  treated  may  be  put  into  solu- 
tion and  then  electrolyzed,  the  material  thus  treated  forming  the 
electrolyte;  (2)  the  material  to  be  treated  may  form  the  anode  or  be 
placed  in  contact  with  the  anode;  or  (3)  the  material  to  be  treated 
may  form  the  cathode  or  be  placed  in  contact  with  the  cathode. 

This  report  treats  of  electrothermic  processes,  with  the  possible 
exception  of  those  for  the  reduction  of  aluminum  from  its  ores. 
Moreover,  of  the  processes  used  in  the  so-called  electrochemical  in- 
dustries only  those  for  the  reduction  of  an  ore  to  metal,  or  to  a  com- 
pound of  the  metal  that  is  of  value  in  itself,  or  is  an  aid  in  metallurgical 

work,  are  here  discussed. 
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2  THB  BLECTBIO  FXJBNACE  IN  METALLUBGICAL  WOBK. 

DEVEIiOPMENT    OP    USE    OP    BliECTRICITY    IN    METAIi- 

IiXJROICAIi  WORK. 

The  use  of  electricity  as  a  source  of  heat  in  metallurgical  work  is 
comparatively  recent.  Although  many  chemists  and  metallurgists 
had  previously  conducted  small  experiments,  Siemens,  in  1882,  was 
probably  the  first  to  make  use  of  it  in  metallurgical  work  for  commer- 
cial purposes.*  Then  came  the  furnace  of  E.  H.  and  A.  H.  Cowles,* 
who  in  1886  invented  a  furnace  for  the  production  of  aluminum  alloys 
and  for  a  variety  of  other  purposes.  A  year  later  Paul  Hfiroult  *  and 
C.  M.  Hall  ^  patented  processes  for  the  production  of  aluminum.  In 
1893  Wilson,^  aided  by  data  gathered  by  Moissan,  in  his  classical 
experiments,  developed  the  calcium-carbide  furnace,  which  was 
followed  in  1896  by  Acheson's  carbonmdum  furnace.^  Two  years 
later  Captain  Stassano  of  Italy  patented  an  electric  furnace^  for 
smelting  iron  ores,  and  the  following  year  demonstrated  the  working 
of  Ids  process.  In  1900  the  production  of  ferro-alloys  in  the  electric 
furnace  was  begun,  and  at  the  present  time  practically  all  ferro-alloys 
are  made  in  electrically  heated  furnaces. 

As  a  result  of  the  work  of  Stassano  and  of  the  successful  making  of 
ferro-alloys  in  the  electric  f lunace,  steel  was  next  made  in  France  by 
H6roult  and  in  Sweden  by  Kjellin  under  patents  taken  out  in  1900. 
In  1906  experiments  on  the  reduction  of  iron  ores  in  the  electric  fur- 
nace were  conducted  by  the  Canadian  Government  and  by  GrdnwaU, 
lindblad,  and  Stalhane  in  Sweden.  The  production  of  pig  iron  in  the 
electric  furnace  in  Sweden  at  the  present  time  is  a  direct  result  of  the 
work  of  the  three  men  last  mentioned. 

In  the  development  of  the  electric  furnace  its  uses  have  been 
extended,  and  to-day  it  is  used  not  only  in  metallurgy  but  in  many 
branches  of  applied  chemistry  as  well. 

PIEIjD  of  the  EliECTRIC  FURNACE  IN  METAIiLXJRGT. 

The  electric  furnace  is  not  necessarily  a  competitor  of  the  com- 
bustion furnace,  for  it  has  won  its  position  in  the  industrial  world 
chiefly  through  the  fact  that  it  permits  the  use  of  a  higher  tempera- 
ture than  can  be  attained  with  the  combustion  furnace.  This  is 
why,  for  example,  high-grade  f errosilicon  and  many  of  the  ferro-alloys 
are  not  produced  in  the  combustion  furnace.  Again,  the  electric 
furnace  is  particularly  suited  to  the  production  of  those  elements  that 

«  Siemens,  WlUiam,  and  Huntingdon,  —,  Report  of  62d  meeting:  British  Assoc  Adv.  Science,  August, 
1882,  pp.  49ft-l08. 
h  U.  S.  patent  819705  (1884). 

e  FrsDdi  patents  176711,  April  23, 1886;  and  170003,  April  15, 1887. 
4  U.  S.  patents  400766  and  400664,  April  2, 1880  (applied  for  July  0, 1886). 
«  Wilson,  T.  L.,  Industries  and  Iron,  vol.  20, 1806,  p.  322. 

/  Fitigerald,  F.  A.  J.,  The  carbonmdum  fdmaoe:  Electrochem.  Ind.,  vol.  4, 1006,  p.  53. 
f  Bleotroohem.  and  Met,  vol.  1, 1001,  p.  230;  Blectroobem.  Ind.,  vol.  1, 1002-3,  pp.  247-868. 
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may  themselves  constitute  the  walk  of  the  furnace,  so  that  it  is 
possible  to  effect  a  great  saving  in  crucibles  and  retorts,  the  cost  of 
which  was  a  large  item  in  older  methods.  As  the  best  illustration 
of  such  products,  phosphorus  and  carbon  bisulphide  may  be  cited. 

In  short,  the  advent  of  the  electric  furnace  into  metallui^  has 
made  possible  developments  that  were  not  possible  through  the  use 
of  the  combustion  furnace.  For  example,  such  substances  as  mag- 
nesia, lime,  and  molybdenimi  were  formerly  considered  infusible,  but 
at  the  high  temperature  attained  in  the  electric  furnace  these  sub- 
stances are  not  only  melted  but  may  be  volatilized.  New  processes 
based  on  this  development  have  been  perfected  for  the  purification 
and  separation  of  substances,  and  metals  and  their  combinations 
may  be  separated  by  fractional  distillation  in  the  same  general  way 
as  substances  having  comparatively  low  boiUng  and  volatilizing 
points. 

It  is  perhaps  true  that  some  metallurgists  have  omduly  emphasized 
the  importance  of  the  electric  furnace  in  metallurgical  work,  and  for 
that  reason  it  may  be  well  briefly  to  consider  a  few  of  the  f imdamental 
facts  regarding  the  possibilities  of  the  use  of  high  temperatures. 

In  the  first  place,  it  is  thought  that  any  known  oxide  can  be 
reduced  by  carbon  within  the  range  of  temperature  possible  in  the 
electric  furnace.  At  any  rate,  it  is  easy  in  such  a  furnace  to  reduce 
such  stable  oxides  as  those  of  calciimi,  siUcon,  and  magnesiimi,  and 
to  produce  carbides  of  these  elements  as  well  as  those  of  boron, 
aluminum,  molybdenum,  timgsten,  and  titanium.  These  carbides 
are  extremely  stable,  resisting  not  only  attacks  of  water,  but  also 
most  of  the  active  chemical  agents. 

The  writers  have  purposely  emphasized  the  fact  that  the  electric 
furnace  is  not  a  competitor  of  the  combustion  fiunace,  but  has  its 
own  particular  field  of  usefulness.  However,  quite  possibly  it  may 
in  time  become  a  competitor  of  the  combustion  furnace  for  certain 
work,  and,  in  fact,  it  already  is  to  some  extent. 

COMPARISON    OF    THE   ELECTRIC    FURNACE   AND    THE 

COMBUSTION  FURNACE. 

MBTHOD  OF  PBODUCINO  HEAT  IN  THE  TWO  FI7BNA0ES. 

As  is  well  known,  in  the  combustion  furnace  heat  is  produced  by 
the  oxidation  of  some  combustible  substance,  the  product  of  com- 
bustion being  a  gas.  The  efficiency  attained,  or  the  ratio  between 
the  amount  of  heat  usefully  employed  in  the  furnace  and  the  heat 
value  of  the  fuel  or  electric  energy  suppUed,  is  generally  rather  low, 
a  fair  average  being  probably  about  25  per  cent.  On  the  other 
hand,  the  source  of  heat  in  an  electric  furnace  is  electrical  energy,  and 
it  is  perhaps  fair  to  assimie  that  the  average  efficiency  of  such  a 
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furnace  is  60  per  cent,  whereas  in  the  combustion  furnace  it  is  per- 
haps neyer  more  than  66  per  cent,  as  shown  in  the  following  tables: 

Average  thermal  efficiency  of  various  types  of  combustion  furnaces. 


Type  of  furnace. 


Blast. 

Add . 

Bask)  proeess.. 

Beverberatory 

Do 

Siemens  cnicfble 

Greenwood  crucible. 
BeUnrt 


Product. 


Cast  iron 

Steel 

.....do 

Pig  iron. 

Wrought  iron. 

Steel 

do 

Zinc 


Tbermal 
efficiency^ 


Pcrefwl. 
52  to  66 
1L9 

lao 

8.5 
5 

4 

2 

2to3 


a  Average  efficiency  for  steam,  50  to  60  per  cent. 
Average  thermal  efficiency  of  three  types  of  electric  furnace. 


Type  of  furnace. 


Acheson 
Jacobs.. 
Acbeson 


Product. 


Graphite 

Fused  AlfOt.. 
Carborundum. 


Horse- 
power. 


1,000 

200 

1,000 


Tempera- 
ture. 


a 

3,800 


3,000 


Thermal 

efficimcv. 


Per  ocfiC* 
75 
74 
76.5 


00MPABI80N  OF  HBATINa  BFFIOIENOY. 

Some  idea  as  to  the  heating  value  of  electrical  energy  as  compared 
to-  that  of  coal  may  be  obtained  from  the  following  discussion  of 
"Electric  heat  versus  heat  from  fuel."  " 

One  kilowatt-hoiirb  ib  equivalent  to  860  kilognun-caloriee,  which  is  approximately 
the  fuU  heat  obtained  from  100  grams  of  good  coal  when  completely  burned  to  carbon 
dioxide.  If  the  cost  of  a  ton  of  coal  of  2,000  pounds  (907  kg.)  is  a  dollars,  and  if  the 
efficiency  of  heat  production  by  burning  coal  is  x  per  cent,  then  the  coal  required  for 
producing  860  kilogram-calories  costs  a  divided  by  90.7  x  dollars.  On  the  other  hand, 
if  the  cost  of  1  kilowatt-hour  is  6  cents  and  if  the  efficiency  of  producing  heat  from  elec- 
trical eneigy  is  y  per  cent,  then  the  kilowatt-hours  required  for  producing  860  kilogram- 
calories  cost  6  divided  by  y  dollars.  Hence  electrical  heat  will  be  cheaper  than  heat 
produced  by  combustion  of  fuel  if  a  y  is  greater  than  90.7  6  x.  To  go  further,  we  need 
the  efficiency  figures  x  and  y, «  By  assuming  definite  figures  we  introduce,  of  course, 
an  uncertainty  into  oiir  comparison,  but  it  will  probably  be  considered  fair  if,  for  a 
first  approximation,  we  assume  a  25  per  cent  efficiency  for  fuel  heating  and  a  75  per 
cent  efficiency  for  the  electric  furnace.  Then  we  conclude  that  electrical  heat  will 
be  cheaper  than  heat  produced  from  fuel  if  a  is  greater  than  30.2  6,  or,  in  other  words, 
if  the  cost  of  a  ton  of  coal  in  dollars  is  more  than  30  times  the  cost  of  a  kilowatt-hour  in 
cents.  For  instance,  to  compete  with  coal  at  |6  per  ton,  the  electric  kilowatt-hour 
would  have  to  cost  less  than  0.2  cent.  This  is  clear  evidence  that  if  the  electric  furnace 
did  not  have  other  important  features  it  would  not  compete  with  fuel  heat  undei 
ordinary  conditions. 

a  Electroohem.  and  Met.  Ind.,  vol.  6, 1007,  p.  29S.       »  For  deflnltian  of  electrtcsl  units,  sm  p.  186. 
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We  have  purposely  made  this  comparison  on  the  basis  of  the  ton  of  coal  and  of  the 
kilowatt-hour,  although  it  has  become  customary  to  use  the  electric  horsepower-year 
as  the  unit  of  electriod  energy  in  such  estimates.  Then  the  above  condition  can  be 
stated  in  this  way:  Electric  heat  will  be  cheaper  than  fuel  heat  if  the  cost  of  1  ton  of 
coal  is  more  than  one-half  of  the  cost  of  the  electric  horsepower-year.  Stated  in  this 
form,  the  comparison  looks  more  fovorable  for  the  electric  furnace  than  when  stated 
as  in  the  preceding  paragraph.  But  in  reality  it  is  not  proper  to  make  the  comparison 
on  the  basis  of  a  horsepower-year,  since  we  thereby  implicitly  assume  that  the  electric 
furnace  is  working  continuously  every  hour  all  year  roimd,  which  is  in  general  a 
decidedly  improper  assumption. 

It  is,  of  course,  clear  that  the  above  comparison  is  exceedingly  narrow  in  that 
it  considers  only  one  single  side  of  the  problem,  namely,  the  amoimt  of  fuel  and 
electrical  energy  required  to  produce  the  same  number  of  calories.  But  even  in 
this  very  respect  the  above  comparison  iaUa  short  of  the  truth  and  does  not  do 
justice  to  the  electric  furnace.  The  chief  reason  is  that  electrical  heating  is  essen- 
tially internal  heating,  permitting  a  very  high  concentration  of  eneigy  at  any  point 
wanted  and  thus  enabling  one  to  produce  high  temperatures.  Fuel  heating,  on  the 
other  hand,  is  always  more  or  less  transmission  of  heat  from  the  fuel  to  the  charge,  and 
the  rate  of  heat  transmission  depends  on  the  difference  of  the  two  temperatures;  this 
rate  decreases  rapidly  the  higher  we  go  up  in  the  temperature.  Naturally  with  fuel 
heating  we  can  never  obtain  any  higher  temperature  than  that  of  the  biuning  fuel 
itself.  There  is  no  corresponding  limitation  in  electric  heating.  This  is  the  funda- 
mental reason  why  for  all  very  high  temperature  processes  the  electric  furnace  reigns 
supreme. 

LIMITATIONS  TO  BLBCTBIO  HEATING. 

It  is  necessary  to  qualify  the  statement  that  there  is  no  limitation 
to  electric  heating.  Theoretically  there  is  not,  but  practically  there 
is,  for  the  following  reasons:  As  an  electric  current  passes  through  a 
conducting  medium  heat  is  produced.  The  intensity  of  this  heat 
depends  on  the  amount  of  ciurent  that  passes,  and  as  most  substances 
are  conductors  when  hot,  the  degree  of  intensity  possible  is  theoret- 
ically unlimited.  In  practice,  however,  the  conducting  substance 
begins  to  fuse  when  heated  to  its  melting  point,  and  one  is  then  con- 
fronted with  the  physical  difficulty  of  keeping  the  conducting  medium 
in  place.  Or  if  this  be  accomplished,  the  conducting  mediiun  ulti- 
mately vaporizes,  the  gaseous  materials  escape,  and  heat  is  thus 
carried  away  from  the  fiunace  as  rapidly  as  it  is  supplied.  The  tem- 
perature of  the  electric  arc,  which  is  somewhere  between  3,600®  and 
4,000®  C,  is  perhaps  the  highest  temperature  attainable  at  present. 

Theoretically  it  is  possible  to  obtain  by  the  combustion  of  carbon 
in  oxygen  a  higher  temperature  than  can  be  attained  in  the  electric 
furnace.  In  practice,  however,  the  attainment  of  such  temperature 
is  impossible  for  the  following  reasons : 

1.  At  high  temperatures  carbon  oxidizes  to  CO  and  not  to  CO,. 
The  oxidation  of  1  pound  of  carbon  to  CO,  generates  8,100  pound- 
calories,  whereas  the  oxidation  of  1  pound  of  carbon  to  CO  generates 
only  2,430  pound-calories. 
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2.  The  gaseous  products  formed  escape  rapidly  and  carry  heat 
away  from  the  furnace. 

3.  In  commercial  work,  at  present  at  least,  it  is  not  feasible  to 
supply  pure  oxygen  for  combustion  purposes. 

4.  Atmospheric  oxygen  is  accompanied  by  four  times  its  volume 
of  nitrogen,  so  that  when  air  is  used  instead  of  pure  oxygen  the  nitro- 
gen is  raised  to  a  high  temperature  and  carries  from  tiie  furnace  the 
heat  it  has  absorbed. 


The  foregoing  paragraphs  may  be  briefly  simmiarized,  as  in  the 
following  sentences : 

In  the  combustion  furnace,  no  matter  what  form  of  fuel  is  used,  the 
temperatiu*e  can  not  exceed  2,000®  C. 

In  the  combustion  f iu*nace  the  efficiency  varies  from  2  per  cent  to 
60  per  cent,  whereas  in  the  electric  furnace  it  averages  about  60  per 
cent. 

In  the  combustion  furnace  not  only  is  it  necessary  to  take  care  of 
the  products  of  combustion,  but  these  products  may  reduce  the  effi- 
ciency of  the  process,  whereas  the  electric  furnace  is  free  from  these 
difficulties. 

In  the  electric  fiunace  the  temperature  attainable  is  the  same 
whether  the  furnace  is  operated  on  a  commercial  or  on  a  laboratory 
scale. 

In  the  electric  fiu*nace,  the  heat  may  be  developed  at  any  desired 
point,  and  by  passing  the  current  through  the  substance  that  is  to  be 
treated  the  heat  necessary  for  the  operation  may  be  developed  within 
the  substance  itself. 

The  temperature  of  an  electric  furnace  is  under  absolute  control. 

Any  atmosphere  desired — that  is,  neutral,  oxidizing,  or  reducing — 
may  be  obtained  within  the  electric  furnace.  This  feature,  together 
with  the  fact  that  the  product  is  generally  much  purer  than  that  of 
the  combustion  furnace,  is  a  great  factor  in  favor  of  the  electric 
furnace. 

In  general,  one  may  say  that  it  is  necessary  to  use  an  electric  fur- 
nace in  all  operations  requiring  a  temperature  higher  than  2,000®  C; 
for  work  requiring  a  temperature  of  less  than  2,000®  C,  local  condi- 
tions and  the  nature  of  the  work  to  be  done  wiQ  affect  the  choice  of 
the  electric  or  the  combustion  furnace.  As  has  been  previously 
pointed  out,  tlie  cost  of  power  will  largely  enter  into  the  matter,  but 
even  with  a  high  cost  of  electric  power,  the  superior  efficiency  of  the 
electric  furnace,  the  possibility  of  obtaining  a  purer  product,  and 
perhaps  greater  safety  for  the  workmen — any  or  all  of  these  factors 
may  lead  to  a  decision  in  favor  of  the  electric  furnace. 
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CIiASSIFICATION  OF  EliECTRIC  FURNACES. 

Mectric  furnaces  may  be  classified  in  a  more  or  less  arbitrary 
mamier,  and  different  authorities  have  used  such  classifications  as 
seemed  most  desirable.  Stansfield's  classification^  is  substantially 
as  follows: 

I.  Arc  fumacee: 

A.  Those  with  independent  arc  (Moissan  furnace). 

B.  Those  with  direct-heating  arc  (Siemens  vertical-arc  furnace). 

II.  Keeistance  furnaces: 

A.  Those  with  special  resistor — 

1.  Furnaces  in  which  chaige  constitutes  the  resistance  (carborundum 
furnace). 

2.  Furnaces  having  resistor  in  walls  (electrical  tube  furnace). 

B.  Those  without  special  resistor — 

1.  Furnaces  in  which  electrolysis  is  not  employed  (charge  constitutes  the 
resistance): 

(a)  Those  in  which  the  charge  is  not  melted,  but  remains  in  a  solid 

condition  (graphite  furnaces). 
(6)  Those  in  which  charge  is  added  in  solid  condition  but  subsequently 

becomes  liquid  (H^roult  ore-smelting  furnaces), 
(c)  Those  in  which  charge   is  added   in  liquid  condition  (Kjellin 

steel  furnaces). 

2.  Electrolytic  furnaces  (furnaces  for  producing  alimiinimi). 

Burgess*  classifies  electric  furnaces  according  to  the  character 
of  the  medium  constituting  the  conductor,  as  follows: 

I.  Furnaces  in  which  the  heat  is  developed  by  the  passage  of  current  through  a 
solid  conducting  medium  or  ''resistor." 

A.  The  conducting  medium,  or  core,  may  consist  of  the  material  that  is  to  un- 
dergo useful  transformation. 

B.  The  heat  is  developed  in  a  core  of  conducting  material  and  this  heat  in  turn 
is  communicated  to  the  surrounding  material  that  constitutes  the  charge,  either 
with  or  without  a  wall  between  the  two  cores  and  the  charge. 

II.  Furnaces  in  which  the  heat  is  developed  by  the  passage  of  current  through  a 
solid  or  liquid  conducting  medium. 

A.  Electrolytic. 

B.  Nonelectrolytic. 

III.  Furnaces  in  which  the  heat  ia  developed  by  the  passage  of  current  through  a 
gaseous  conducting  medium. 

A.  Arc  furnaces. 

(1)  In  which  an  arc  plays  between  two  or  more  electrodes  in  the  neigh- 
borhood of  material  to  be  treated. 

(2)  In  which  an  arc  is  maintained  between  one  carbon  electrode  and  the 
material  to  be  treated,  the  latter  acting  as  a  second  electrode. 

.    BBSISTOB  FUBNAOES. 

A  resistor  signifies  a  substance  that  is  used  as  a  medium  for  devel- 
oping heat  when  electric  current  is  passed  through  it.  As  stated  by 
Bru^ess  in  his  classification  of  electric  furnaces,  a  resistor  may  be 

a  Staoafleld,  A.,  The  deotrlo  furnace,  its  evolutloii,  theory,  and  praotloe,  1907,  p.  32. 
b  Burgess,  C.  F.,  The  present  status  of  eleotrio  fdmaoe  workMg:  Jour.  Western  Boo.  Engrs.,  vol.  10, 
1M6,  p.  167.     - 

47000^~Bull.  77—14 2 
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either  a  solid,  &  liquid,  or  a  gas.  Materials  commonly  used  for  this 
purpose  are  the  metals,  carbon,  and  substances  that  are  not  conduc- 
tors at  ordinary  temperatures,  but  become  conductors  when  hot. 
When  such  substances  are  used,  it  is  necessary  first  to  heat  them  by 
some  auxiliary  means.  The  construction  of  a  resistance  furnace  is 
based  upon  the  fact  that  by  resistance  an  electric  current  is  trans- 
formed into  heat." 

SOLID   BESI8TOB    FnBNACBg. 
FTRHACEB   DBVELOPINO   HEAT  IN   THB   CHARGE   ITSELF. 

Furnaces  in  which  the  heat  is  developed  by  passage  of  the  current 
through  s  sohd  conducting  medium  are  described  below. 

An  illustration  of  the  type  of  furnace  in  which  the  conducting 
mediimi,  or  core,  may  consist  of  the  material  that  constitutes  the 
chai^  is  the  Acheson  graphite  furnace,  shown  in  figure  1  .^  In  this 
furnace  a  core,  e,  of  carbon  rods  is  needed  to  carry  the  current  until 


PtovmB  1.— AOiMoii  grqthlt*  Ionian. 

the  charge  becomes  heated.  The  base,  h,  and  end  walls,  aa,  which 
support  the  electrodes,  are  permanent,  but  the  side  walls,  dd,  are 
not,  and  can  be  pulled  down  after  a  run.  The  electrodes  comprise 
a  number  of  graphite  rods,  e,  which  are  set  in  a  block  of  carbon  as 
shown  in  the  figure ;  electric  contact  being  made  by  a  terminal  plate, 
which  may  be  water-cooled.  In  making  graphite  in  a  furnace  of  this 
kind  a  charge  of  anthracite  coal,  g,  is  placed  around  the  core  of  carbon 
rods,  c,  and  then  covered  with  a  layer  of  material  that  is  a  poor  con- 
ductor of  both  heat  and  electricity.  When  the  current  is  turned  on, 
it  passes  through  the  core  of  carbon  rods  and  heats  the  anthracite, 
which  is  gradually  converted  into  graphite  by  the  high  temperature 
attained.  The  electrical  resistance  of  the  graphite  is  very  low,  and 
for  that  reason  the  current  has  little  tendency  to  pass  through  the 
outer  parte  of  the  chaise. 


That  type  of  furnace  in  which  the  heat  is  developed  in  a  core  of 
conducting  material,  this  heat  being  in  turn  communicated  to  the 
surrounding  material  that  constitutes  the  charge,  may  or  may  not 
have  a  wall  separating  the  core  from  the  charge. 

•  Fsrl>w>o(el*aModi«IUHi<»,M«p.lBT.       »BMiitfdd,A.,Ttag«lM«ofaiiMa^ie07,p.  Itt. 
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FUBNACES  WITH  A  V 

The  electrically  heated  tube  furnace  (fig.  2)  b  an  example  of  the 
type  of  furnace  having  a  wall  between  the  core  and  charge.  As  is 
shown  in  the  figure,  it  is  constructed  by  winding  a  wire,  r,  which 
forms  the  resistor,  around  a  tube,  t,  which  is  made  of  porcelain  or 
some  other  highly  refractory  substance.  The  resistor  wire  may  be 
of  either  platinum 
or  an  alloy,  such 
as  nickel  and  chro- 
mium, that  has  a 
high  fusing  tem- 
perature. In  some 
furnaces  of  this 
type,  the  resistor 
wire,  instead  of 
being  wound  around  a  tube,  is  embedded  in  the  inner  surface  of 
the  refractory  envelope,  e.  In  the  operation  of  the  tube  furnace  the 
charge  is  placed  in  the  tube,  the  leads  a  and  b  are  connected  to  an 
electric  circuit  and,  by  means  of  a  controlling  rheostat,  enough 
current  is  supplied  to  the  resistor  wire  to  overload  it,  so  to  speak, 
and  the  resistance  that  the  current  meets  transforms  the  electric 
energy  into  heat.  By  varying  the  intensity  of  the  current  it  is  pos- 
sible to  obtain  any  desired  temperature  below  the  melting  point  of 
the  wire,  which  for  platinum  is  1775"  C.  or  3227°  F. 

FURNACES   WITHOUT  WALL   BETWEEN   COBB   AND   CBABOB. 

The  Acheson  carborundum  furnace,"  shown  in  figure  3,  is  an  ex- 
ample of  the  type  of  furnace  in  which  there  is  direct  contact  between 
the  core  and  the  chaige. 


FiQUBE  3.— Cns)  BMllon  of  elecWcBlly  hwud  tube  (unaoe. 


The  end  walls  aa  are  permanent,  and  support  the  heavy  bronze 
electrode  holders /and  g.  Inserted  into  these  holders  are  lai;ge  bun- 
dles of  carbon  rods,  c  and  d,  and  between  the  rods  is  a  core  of  broken 
carbon  which  remains  until  the  end  of  the  operation.  Around  this 
core  is  placed  a  mixture  consisting  approximately  of  34.2  per  cent 
coke,  54  per  cent  sand,  9.9  per  cent  sawdust,  and  1  per  cent  salt. 
■  Fliigcnid,  F.A.  J.,  TbecubonuidumlunwM,  Elwtiaohem.  iDd.,  TaL4,i(M,p.fi3. 
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The  broken  carbon  core  acts  as  the  resistor.  When  a  current  is 
passed  through  this  core  it  becomes  heated  and  in  turn  heats  the 
surrounding  charge,  which  then  becomes  a  conductor  and  acts  as  a 
resistor  itself. 


FURNACES   IN   WHICH  THE   RESISTOR   IS  A  LIQUID. 

Furnaces  in  which  heat  is  developed  by  the  passage  of  a  current 
through  a  liquid  conducting  medium  are  of  two  types,  electrolytic 
and  nonelectrolytic,  to  use  terms  already  defined. 


FioxTBB  4.~H4roult  3.5-ton,  single-phase  steel  fumaoe. 

ELECTROLTnC  FURNACES. 

The  furnaces  ui  which  aluminum  is  made  by  the  H6roult  and  HaU 
processes  are  the  best  examples  of  the  electrolytic  type  of  furnace. 
Inasmuch  as  their  construction  is  described  in  the  second  part  of 
this  bulletin,  a  description  is  not  necessary  here. 

NONELEOTBOLTTIC  FURNACES. 

The  H6roult  steel  furnace  (fig.  4)  is  illustrative  of  the  nonelectro- 
lytic  type  of  furnace.  In  this  furnace  the  molten  steel  is  covered 
with  a  layer  of  slag.  The  heat  in  the  ftimace  is  generated  by  the 
passage  of  the  electric  (alternating)  current  between  the  electrodes 
through  the  Uquid  layers  of  slag  and  metal. 


CLASSIFICATION   OP  ELECTRIC   PTIRNACES.  ]  1 

ABO  FUKNACES. 

Arc  fumaceB  may  be  classified,  according  to  the  method  used  in 

forming  the  arc,  in  two  general  types:  (1)  Furnaces  in  which  the  arc 

playa  between  two  or  more  electrodes  in  the  neighborhood  of  the 


material  to  be  treated,  and  (2)  furnaces  in  which  the  arc  is  m^- 
twied  between  one  carbon  electrode  and  the  charge,  the  latter  actr 
ing  as  a  second  electrode. 

The  Stassano  furnace  (%.  5)  is  a  good  illustration  of  the  first 
type.    An  arc  is  maintained  between  the  ends  of  two  electrodes,  and 
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in  this  way  the  metal  and  slag  are  heated  by  the  heat  radiated  from 
the  arc. 

The  Siemens  vertical-arc  heating  furnace,  as  shown  in  figure  6,  is 
a  furnace  of  the  second  type.  In  this  furnace  the  chaise  d,  which  is 
in  contact  with  the  lower  electrode  c,  is  heated  by  muntaining  an 
arc  between  the  end  of  the  upper  electrode  h  and  the  charge  d. 


Naturally,  in  the  design  and  construction  of  an  electric  furnace, 
the  aim  is  to  obtain  in  the  operation  of  tiie  furnace  the  highest  effi- 
ciency compatible  with  the  oper- 
ating conditions.  Some  of  the 
factors  that  govern  the  efficiency 
of  an  electric  furnace  are  briefly 
considered  below. 


The  measure  of  the  electric 
power  supplied  to  the  electric  fur- 
nace is  the  watt.  If  1,000  watta 
be  used  for  one  hour,  one  kilo- 
watt-hour  has  been  used.  The 
expenditure  of  this  much  energy 
is  equivalent  to  860  kilt^pram- 
caloriee,  which  represents  the  full 
amount  of  heat  to  bo  expected 
from  the  complete  combustion 
(to  carbon  dioxide)  of  100  grams 
of  good  coal.  By  calculation 
it  is  possible  to  determine  the 
amount  of  heat  or  the  tempera- 
ture necessary  to  bring  about  the 
results  desired  in  any  metallur- 
^cal  process.  To  attain  and  maintain  this  temperature  a  certain 
rate  of  heating  is  necessary,  this  rate  depending  on  the  rate  at  which 
the  heat  is  conducted  away  through  the  furnace  walls,  the  dimen- 
sions of  the  furnace,  and  the  cooling  effect  of  the  charge  that  is 
added  from  time  to  time.  When,  as  in  the  electric  furnace,  this 
heat  b  to  be  supplied  by  electrical  energy,  the  first  consideration  is 
so  to  construct  the  furnace  as  to  obtdn  the  largest  practicable  per- 
centage of  heat  value  from  the  electrical  energy  supplied.  In  order 
to  do  this,  the  designer  must  have,  of  course,  a  clear  understanding 
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of  the  fundamental  laws  of  diectricity  *  and  the  heating  efifects  of  the 
electric  current.  The  different  methods  of  heating  may  be  briefly 
stated  as  follows:  Direct  heating  by  resistance;  induction  heating; 
indirect  resistance  heating;  and  arc  heating.  The  methods  are 
briefly  described  below. 

METHODS  OP  HEATING  WTTH  ELECTBIOrTY. 
DIRBCT  HBATINO  BT  BB8I8TANCE. 

An  illustration  of  direct  heating  by  resistance  is  the  heating  of  a 
metal  bar  or  wire  by  passing  an  electric  current  through  it.  The 
metal  will  become  hot  because  of  its  inherent  resistance.  Increasing 
the  current  increases  the  resistance  and  consequently  the  tempera- 
ture. As  can  be  readily  understood;  the  disadyantage  of  direct  heat- 
ing by  resistance  is  that  not  only  is  the  metal  or  substance  heated, 
but  like^e  all  the  conductors  that  carry  the  ciurent  to  it.  For  this 
reason  copper,  which  has  a  much  lower  specific  resistance  than  iron, 


Figure  7.— Curve  representixig  a  complete  wave  or  cycle  of  altwmating  current. 

is  used  for  a  conductor.  If  an  electric  current  be  passed  through  a 
copper  and  an  iron  wire,  each  of  equal  cross  section,  greater  heat  is 
developed  in  the  iron  wire,  in  the  proportion  of  0.1  to  0.018;  hence  if 
the  wires  are  of  equal  lengths  the  total  amount  of  heat  developed  in 
the  iron  wire  will  be  much  greater  than  that  developed  in  the  copper 
wire. 

INDUCTION  HBATINO. 

In  order  to  define  precisely  what  is  meant  by  induction  heating, 
it  is  necessary  first  to  outline  the  principles  upon  which  such  heating 
is  based.  As  is  well  known,  in  a  direct  electric  current  the  flow 
is  always  in  the  same  direction,  whereas  in  an  alternating  cur- 
rent the  direction  of  flow  is  constantly  being  reversed.  The  time 
required  for  a  change  of  direction  is  called  a  period.  In  figure  7, 
which  shows  a  complete  wave  or  cycle,  T  represents  the  time  neces- 
sary for  the  current  to  swing  through  a  complete  wave;  that  is,  from 
0  (zero)  to  the  positive  maximum,  back  to  zero,  to  the  n^ative  maxi- 
mum, and  back  to  zero.  If  an  alternating  current  be  passed  through 
a  coil  of  wire  and  if  a  conductoi-  be  passed  through  the  magnetic  field 

a  For  the  oanvenleDce  of  those  not  familiar  with  the  same,  some  of  the  fundamental  laws  and  terms  of 
electrical  engineering  are  given  in  the  Glossary  (pp.  186-188). 


^' 

-:.-'::: v.-vvc 

*•- 

71 

s 

\\\^- 

,•-•.-..«..«...-..-»--..•.-------- --;jj 

*«  "*"«._                    _-«•*' »' 

14  THE  ELECTRIC   FURNACE  IN   METALLURGICAL   WORK. 

of  the  coil  in  such  a  way  as  to  cut  the  lines  of  force  of  the  field  a  cur- 
rent is  induced  in  the  conductor.  A  magnetic  field  is  shown  in  figure 
8  in  which  n  and  s  are  the  poles  of  a  magnet  and  c  is  a  wire  conductor 
(shown  in  cross  section)  that  is  made  to  cut  the  Hnes  of  force  passing 
between  the  poles. 

In  what  is  known  as  a  transformer  the  conductor  is  kept  stationaiy, 
and  the  field  is  made  to  change  or  to  move  across  the  conductor.  If 
a  coil  of  wire  be  wound  around  a  core  of  soft  iron  and  a  current 
passed  through  the  wire,  a  magnetic?  field  is  produced  as  with  a  per- 
manent magnet.  If  the  current  be  suddenly  made  and  broken  or  if 
an  alternating  current  be  used,  the  magnetic  flux  will  increase  and 
decrease  in  first  one  direction  and  then  the  other.  Now  by  winding 
a  second  coil  of  wire  on  the  iron  core  a  conductor  is  obtained.  Every 
time  the  magnetic  flux  (lines  of  force  of  the  field)  increases  or  decreases 
in  strength  as  it  changes  its  direction  a  current  will  be  set  up  or 
induced  in  the  second  coil  or  secondary  winding  and  in  a  direction 

that  tends  to  oppose  the 
"I"."." •..  flow  of  current  throueh 

the  first  coil  or  primary 

winding. 

The    current  induced 

in  the  secondaiy  wind- 
\ '0^^,     y'//  ing    will    be    inversely 

0"^---'''!.'''' /'  proportional  to  the  num- 

.^_y""'  ,.'-''  ber  of  turns  on  the  wind- 

*'* — "''  ing    and     consequently 

FiouBE  8.— A  magnetic  field,  in  which  a  conductor  has  been  •xi       .      i  E      ^^ 

placed.  (by  Ohm's  law,  y^R) 

the  voltage  will  be  in  direct  proportion.  The  foregoing  relation  does 
not  hold  exactly  true  because  the  resistance  and  other  properties  of 
the  transformer  become  factors  in  the  application  of  this  law. 

With  a  given  voltage  the  larger  the  current  to  be  carried  the  lower 
must  be  the  resistance  of  the  conductor.  The  resistance  can  be  low- 
ered by  using  a  conductor  of  larger  size  or  one  made  of  a  material  that 
is  a  better  conductor  of  electricity.  In  electrical  work  copper  is  gen- 
erally used  for  conductors. 

From  these  statements  it  is  evident  that  heat  is  generated  when  an 
electric  current  is  induced  in  a  conductor,  and  if  the  conductor  has  a 
high  specific  resistance,  such  as  that  of  the  bath  of  steel  in  an  induc- 
tion furnace,  the  heat  developed  is  in  proportion  to  the  square  of  the 
resistance  and  to  the  strength  of  the  ciurent  induced.  This  method 
of  heating  may  be  termed  heating  by  induction,  and  it  is  most  used 
in  electric-furnace  practice  in  steol  furnaces,  such  as  those  of  Kjellin, 
Colby,  and  Rochling-Rodenhauser,  which  are  known  as  induction 
furnaces. 
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CONSTRUCTION   OF  THE  INDUCTION   FURNACE. 

On  analyzing  the  induction  furnace  its  method  of  construction  is 
found  to  be  based  on  three  essential  features,  as  follows:  (1)  A  pri- 
mary winding  composed  of  a  great  many  turns  of  wire  or  other  con- 
ductors, (2)  a  core  or  circuit  for  the  magnetic  flux,  and  (3)  a  circular 
trough  containing  molten  steel,  which  corresponds  electrically  to  a 
secondary  winding  of  one  turn. 

As  the  secondary  winding  is  of  only  one  turn,  an  enormous  current 
can  be  induced  in  it,  and  as  the  steel  is  not  an  exceptionally  good  con- 
ductor it  becomes  heated  to  a  high  temperature.  For  example,  in 
such  a  furnace  as  the  Kjellin  steel  furnace  the  primary  winding  rep- 
resents the  conductor,  through  which  is  passed  a  current  of  90 
amperes  at  3,000  volts.  Around  this  winding  is  a  circular  trough 
which  contains  the  metal.  As  the  current  passes  through  the  primary 
winding,  a  magnetic  flux,  or  flow  of  current,  is  induced  in  the  metal 
in  the  trough,  and  the  current  is  transformed  from  90  amperes  at 
3,000  volts  to  30,000  amperes  at  7  volts.  By  reason  of  the  high 
amperage  of  the  induced  current  and  the  resistance  with  which  it 
meets  in  the  metal  in  the  trough,  sufficient  heat  to  melt  the  metal  is 
generated. 

Although  this  type  of  furnace  possesses  certain  advantages,  it  also 
possesses  several  disadvantages,  chief  among  these  being  that  it 
is  inefficient  in  much  the  same  sense  as  a  poorly  constructed  trans- 
former isy  owing  to  the  fact  that  it  is  bmlt  on  the  principle  of  a  trans- 
former. Moreover,  when  used  for  heating  a  metal  such  as  steel, 
there  is  also  induced  in  the  bath  of  the  induction  furnace  electro- 
mechanical forces,  which  are  discussed  in  another  chapter,  that  have 
a  tendency  to  interfere  with  the  working  of  the  furnace. 

INDIRECT-RESISTANCE  HEATING. 

In  the  indirect-resistance  method  of  heating  the  heat  is  not  pro- 
duced by  using  a  metal  as  a  resistor,  but  by  passing  the  electric  cur- 
rent through  some  substance  that  has  a  very  low  electric  conductivity. 
An  example  of  such  a  furnace  is  the  Acheson  carborundimi  furnace 
(fig.  3).  In  this  furnace  the  charge  to  be  heated  is  placed  around  the 
carbon  core.  An  electric  current  is  passed  through  the  core,  which 
thus  becomes  hot  and  in  turn  heats  the  chaise. 

When  materials  such  as  crucible  steel  are  heated  in  crucibles, 
an  indirect  method  of  heating  is  employed.  The  crucible  furnaces 
are  fired  with  either  coal  or  gas  and  have  low  efficiency  (see  table, 
p.  4),  owing  to  the  amount  of  heat  that  is  carried  away  with  the 
flue  gases.  The  Girod  crucible  furnace  "  (fig.  9)  was  devised  to  do 
the  same  kind  of  work  as  the  ordinary  crucible  steel  fmoiace.     In  the 

a  Vom  Baur,  C.  H.,  Electric  furnaces  in  the  iron  and  steel  industry,  1913,  p.  33. 
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Girod  fomace  shown  in  the  figure  the  current  is  conducted  through 
the  bottom,  which  is  made  of  materiak  having  high  electrical  resist- 
ance,such  bs  carbon  and  silica.  In  furnaces  of  this  kind  temperatures 
of  1,400"  to  1,700°  C.  have  been 
reached.  In  another  Girod 
crucible  resistance  furnace  a 
resistor  of  ferrosilicon  is  used, 
to  which  the  current  is  led  by 
four  carbon  blocks  around  the 
crucible. 

Still  another  tjpe  of  indirect- 
heating  furnace  is  the  Hel- 
beiger  furnace  (fig.  10).  This 
furnace  consists  of  a  crucible 
which  is  placed  in  circuit  by 
Fiav....-Cw.««tanorGirodfun.«..  ^^^  ^f  ^^^^   contacts,  80 

that  the  current  passes  vertically  through  the  crucible  walls.    Hel- 
berger  uses  the  ordinary  carboniior  graphite  crucibles. 

ARC  BBATtNO. 

Arc  heating  was  employed  by  Moissan  in  his  famous  researches. 
In  figure  11  is  shown  the  Ifotssan  typeof  furnace,  which  is  described  by 
Staosfield'*  as  follows: 

It  consists  of  two  blocks  of  limestone  and  tvo  carbon  rods,  to  which  elecbrical  con- 
nections are  made.  A  cavity  is  hollowed  out  in  these  blocks,  and  the  material  to  be 
heated  is  placed  in  a  crucible  of  carbon  or  magnesia.  As  even  lime  melts  and  volati- 
lizes at  the  temperature  of  this  furnace,  a  lining  of  alternate  layera  of  carbon  and  mag- 
neeia  was  arranged  as  shown  in  the  figure, 
in  order  to  withstand,  as  far  as  possible, 
the  heat  of  the  arc. 

In  some  of  these  experiments  Moissan 
converted  two  or  three  hundred  electrical 
horsepower  into  beat  in  a  furnace  of  only 
a  few  inches  internal  dimensions.  At  the 
enormously  higft  temperature  of  his  fur- 
nace everything  melts  or  turns  to  vapor. 
Carbon  is  (he  most  refractory  substance 
known,  and  even  that  turns  to  graphite  and 
volatilizes;  magnesia,  another  very  refrac- 
tory substance,  melts  at  the  highest  tem- 
perature of  the  furnace  and  vaporizes. 
Lime,  quartz,  and  alumina  melt  and  f„„,  ,o._c™s«ii«.  of  n.ib«i.r  ton-oe. 
boil  in  the  furnace.    Gold,  copper,  iron, 

and    in  Uct  all  the   metals,  can   also  be  melted  and  boiled  in  such   an   electrical 
furnace. 

An  improved  form  of  the  Moissan  furnace  was  described  in  Engineering  t,  March 
23,  1906,  in  which  an  electric  current  of  1,000  amperes  at  from  50  to  160  volts  is  em- 
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ployed.  In  the  caw  of  direct  cuirent  this  would  mean  70  to  200  hoisepower,  uid, 
while  this  ienot  quit«  umuch  as  Moissan  Bometimes  used,  it  is  more  llian  is  often 
available  for  scientific  experimental  work.  In  such  a  furnace  it  is  easy  to  produce  a 
temperature  more  than  double  that  usually  obtainable  by  the  combustion  of  fuel, 
and  it  ie,  therefore,  an  invaluable  apparatus  in  the  hands  of  the  metalluigist  and 
the  chemist. 

Arc  heating  by  radiation  finds  its  practical  application  in  the 
Staasano  furnace,  shown  in  ^;ure  5. 


Fiarai  11.— Croe  Motion  of  HoImm)  (tuiuce  {atuc  StamBeld). 

FACTOBS  AFFKUTINO  BFFIOIBHCT. 

As  the  various  types  of  heating  used  in  electric-fumHce  woric  have 
been  outlined,  and  as  the  moat  important  factors  connected  with  the 
use  of  the  electric  current  for  this  purpose  have  been  presented,  the 
bearing  of  these  factors  on  the  effidency  of  the  furnace  will  now  be 
consddered, 

IKDDCnON  CUBBENTS, 
SBLT-tHDUCnOH. 

As  previously  stated,  the  strength  and  direction  of  an  alternating 
cuitent  are  continually  changing — twice  during  each  period  or 
cycle  it  increases  from  zero  to  a  maximum  and  then  decreases  to  zero 
agun.  Owing  to  this  fact,  a  conductor  carrying  alternating  currents 
is  surrounded  by  an  alternating  magnetic  field,  which,  as  has  been 
shown,  induces  currents  (electromotiTe  force)  in  all  conductors  within 
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the  field.  As  the  conductor  carrying  the  alternating  current  necessa- 
rily lies  in  the  magnetic  field,  a  current  is  induced  within  the  conduc- 
tor by  its  own  field.  This  effect  is  known  as  self-induction,  and  the 
resulting  current  is  known  as  the  self-induced  current. 

As  such  a  current  may  cause  considerable  loss  of  power  under 
certain  conditions,  it  is  well  to  understand  these  conditions  and  as 
far  as  possible  avoid  them  in  the  construction  of  electric  furnaces. 

An  induced  current  is  generated  in  every  conductor  that  is  parallel 
to  the  main  current,  hence  care  should  be  taken  not  to  shortHnrcuit 
the  conductor  carrying  the  induced  current,  since  this  may  cause 
heavy  losses  of  power.  For  example,  in  designing  a  furnace,  an  iron 
beam  should  not  be  placed  in  such  a  position  as  to  cause  the  conductor 
to  be  short-circuited  on  itself.  Likewise  the  cables  and  bus  bars  leading 
from  the  transformers  to  the  furnace  should  be  placed  close  together, 
for  in  this  way  there  is  no  action  on  closed  iron  parts,  or  parts  that 
lie  parallel  to  one  another,  and  thus  the  magnetic  fields,  as  for  exam- 
ple those  made  by  two  conductors  of  a  single-phase  current,  are 
neutralized.  These  conditions  are  of  importance  only  when  heavy 
currents  are  employed,  but  heavy  currents  are  usually  used  in  electric- 
furnace  work.  One  must  remember  also  that  currents  are  induced 
in  all  metal  parts  that  are  near  a  conductor. 

BDDT  CmiRENTS. 

The  currents  that  are  induced  in  the  metal  parts  of  a  furnace  are 
called  eddy  currents.  As  the  metallic  parts  are  good  conductors, 
through  which  the  current  may  be  shortncircuited,  these  parts  if  im- 
properly placed  may  become  decidedly  hot  and  cause  more  or  less 
trouble.  This  is  especially  true  when  the  metal  is  magnetic,  that 
is,  a  good  conductor  of  the  magnetic  lines  of  force.  For  example,  in 
furnaces  in  which  the  current  is  led  to  the  electrodes  through  electrode 
holders,  making  these  holders  of  cast  iron  or  steel  will  cause  consid- 
erable loss.  For  this  reason  the  holders,  which  are  generally  water- 
cooled,  are  made  of  copper  or  brass,  neither  of  which  is  magnetic. 

Another  method  of  lessening  eddy-current  losses  is  to  greaUy 
subdivide  the  metallic  parts  in  which  eddy  currents  are  likely  to 
occur,  as  is  done,  for  example,  in  transformers  and  in  armatures  of 
dynamos. 

HYSTERESIS. 

There  Ls  also  another  loss  from  what  is  known  as  hysteresis,  the  lag 
of  demagnetization.  This  loss  occurs  in  magnetic  conductors  having 
considerable  cross  section  and  is  due  to  the  constant  magnetizing  and 
demagnetizing  influence  of  the  alternating  current.  Therefore,  in 
' 'rnace  construction,  the  electrical  conductors  should  not  be  sur- 
ded  by  parts  that  are  good  magnetic  conductors. 
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LAO. 

If  an  electric  current  be  passed  through  a  coil  of  wire,  the  current 
does  not  immediately  reach  its  maximum  value,  but  does  so  only  after 
a  certain  time  has  elapsed.  In  other  words,  the  current  lags  behind 
the  voltage,  and  this  13  known  as  the  lag  of  the  ciurent. 

ELECTBOMECHANICAL    FORCES    IN    THE    INDUCTION    FURNACE. 

The  nature  and  effect  of  the  mechanical  forces  of  electric  origin  in 
the  bath  of  the  induction  furnace,  although  at  present  weU  under- 
stood, are  still  to  many  a  source  of  apprehension  in  the  design  and 
operation  of  this  type  of  electric  furnace.  These  electromechanical 
forces,  which  often  are  of  considerable  magnitude,  are  of  two  kinds: 
(1)  Attracting,  due  to  the  mutual  attraction  of  current-carrying 
elements  within  the  bath,  similar  to  the  attraction  of  two  parallel  con- 
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FioxTBB  12.— Cro6S  section  of  the  bath  of  an  induction  ftirnaoe,  showing  effect  on  soiiBoe  of  bath  of 

the  resoltant  of  the  different  forces  acting. 

ductors  carrying  current  in  the  same  direction;  and  (2)  opposing,  due 
to  the  repelling  action  between  the  bath  and  the  primaiy  winding, 
similar  to  the  repelling  action  of  two  conductors  carrying  current  in 
opposite  directions. 

FINCH    EFFECT. 

Attention  was  several  years  ago  called  to  the  first  of  these  forces 
by  E.  F.  Northrup  and  later  by  C.  Hering,  who  observed  a  contraction 
in  the  cross  section  of  the  bath.  The  contraction  was  frequently 
so  pronounced  that  complete  rupture  resulted.  This  phenomenon 
has  since  been  generally  referred  to  as  the  "pinch  effect. " 

In  figure  12  the  circle  represents  the  cross  section  of  a  circular 
conductor.  The  tendency  of  the  electromagnetic  forces  of  the  first 
class  mentioned  is  to  act  radially  and  their  manifestation  is  a  me- 
chanical effect,  the  liquid  particles  constituting  the  conductor  mov- 
ing bodily  in  the  direction  of  the  forces.  K,  by  suitable  means,  the 
pressure  in  the  bath  be  measured,  it  is  found  to  be  greatest  at  the 
center  and  least  at  the  periphery.     For  the  pressure  at  the  center 
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of  a  bath  having  a  circular  cross  section,  the  following  formula  has 

developed:    P^^"^  '  ^^  which  P  is  the  pressure  in  dynes  per  square 

centimeter,  I  is  the  current  in  c.  g.  s.  units  (10  amperes),  and  S  is 
the  cross  section  of  the  bath  in  square  centimeters. 

Although  the  formula  holds  precisely  true  only  for  conductors  of 
circular  cross  section,  no  great  error  is  involved  in  applying  it  to  the 
practical  working  conditions  of  the  induction  furnace. 

In  the  bath  of  an  annular  crucible  of  ideally  uniform  cross  section, 
this  pressing  would  not  produce  the  contraction  known  as  the  pinch 
effect,  but  in  practice  the  cross  section  is  never  uniform,  because  of 
dissymmetry  in  the  crucible,  or  of  deflection  of  the  plane  of  the  cruci- 
ble from  the  horizontal,  or  of  the  presence  in  the  bath  of  unmolten  non- 
conducting material,  such  as  floating  pieces  of  ore  or  brick.  When- 
ever the  cross  section  of  the  bath  is  reduced  by  any  cause  the  pressure 
is  locally  increased  and  the  result  is  a  lateral  force  causing  a  flow  to 
adjacent  areas  of  lower  pressure.  An  increase  in  the  current  will 
augment  this  effect  and  if  the  current  is  further  increased  a  limit  is 
reached,  when  the  liquid  is  ''squirted"  out  from  the  spot  of  high 
pressure  faster  than  it  can  return,  and  a  break  in  the  circuit  results. 
If  the  bath  is  mobile,  the  circuit  will  continue  to  close  and  open  until 
freezing  occurs. 

The  working  limits  imposed  upon  induction  fiimaces  by  the  pinch 
effect  have  been  studied  and  a  formula  developed,  by  means  of  which 
the  critical  current  values  can  be  calculated  approximately.  Expe- 
rience has  shown  that  the  pinch  effect  does  not  cause  difficulty  in  the 
operation  of  large  induction  furnaces,  such  as  are  used  in  steel  making, 
for  in  these  the  values  of  the  currents  used  are  far  below  the  critical 
points.  The  pinch  effect,  however,  has  thus  far  made  impracticable 
the  melting  in  an  annular  crucible  of  metals  of  low  specific  gravity, 
such  as  aluminum.  Metals  of  low  specific  resistance,  such  as  copper, 
are  hkewise  less  amenable  to  working  in  induction  furnaces  of  the 
annular  type,  because  heat  generation  is  a  function  of  the  specific 
resistance,  and  when  the  specific  resistance  is  low  greater  current 
density  is  required,  which  may  exceed  the  critical  value  for  the 
furnace. 

From  the  standpoint  of  metallurgists  the  mechanical  effects  of  the 
magnetic  forces  set  up  in  the  bath  of  the  induction  furnace  are  of 
value.  The  resulting  circulation  of  metal  in  the  crucible  assbts  the 
heating  by  increasing  convection  and  accelerates  chemical  action  by 
bringing  the  reacting  substances  into  more  intimate  mixture.  Appie- 
dation  of  these  advantages  has  inspired  efforts  to  design  on  the 
induction  principle  a  fiimace  in  which  the  danger  of  '^ pinching"  will 
be  eliminated  but  the  desirable  effect  of  increased  circulation  retained. 
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Such  a  fomace  has  been  constructed  and  although  still  in  the  devel- 
opment stage  promises  speedily  to  find  peculiar  and  important  appli- 
cation in  the  melting  of  metals. 

CBNTBIPUOAL  EFFECT. 

« 

Electromagnetic  forces  of  the  second  class  are  set  up  between  the 
bath  and  the  primary  winding.  Their  mechanical  manifestation  in 
the  bath  resembles  in  many  respects  the  effect  that  would  be  produced 
by  rotating  the  annular  bath  on  its  axis,  and  for  this  reason  the  name 
"centrifugal  effect"  has  been  given  it. 

This  repelling  force  between  the  primary  winding  and  the  bath  of 
a  single-ring  induction  furnace  is  analogous  to  the  repelling  forces 
between  the  windings  of  a  core  transformer,  and  the  theory  and  cal- 
culations for  the  later  forces  may  be  appUed  to  the  induction  furnace, 
as  the  induction  furnace  is  in  fact  equivalent  to  a  transformer  with  a 
short-circuited  secondary. 

In  addition  to  the  centrifugal  force  mentioned  a  second  force 
acting  upon  the  bath  is  gravity.  In  figure  12,  representing  the  cross 
section  of  the  bath  of  an  induction  furnace,  if  oa  be  considered  to  rep- 
resent the  centrifugal  force  of  electromagnetic  origin  and  ob  gravity, 
the  surface  of  the  bath  must  be  perpendicular  to  the  resultant  force  oc. 
As  the  tendency  of  the  pinch  effect  is  to  give  the  bath  a  circular  cross 
section,  the  result  of  all  the  forces  acting  on  the  bath  is  to  give  its 
cross  section  the  form  shown  on  the  left.  In  large  furnaces  operating 
at  full  load  the  surface  of  the  bath  is  inclined  about  30^  to  the  hori- 
zontal. 

There  is  no  danger  of  the  circuit  breaking  as  a  result  of  the  cen- 
trifugal force  on  the  liquid  bath.  When  a  solid  starting  ring  breaks, 
however,  the  break  is  invariably  due  to  the  centrifugal  force,  which 
has  exceeded  the  tensile  strength  of  the  ring. 

The  centrifugal  effect,  like  the  pinch  effect,  tends  to  eliminate 
inclosed  gases  by  compression  of  the  bath  against  the  outer  wall,  and 
also  causes  circulation  at  right  angles  to  the  direction  of  the  bath. 
In  some  laige  furnaces,  such  as  the  Frick  and  the  Hiorth,  sections  of 
the  primary  winding  are  placed  above  and  below  the  bath,  thereby 
moderating  the  circulation  and  removing  the  danger  of  the  starting 
ring  being  broken. 

POWER  FACTOR. 
MEASUREMENT  OF  POWER  FACTOR. 

The  power  suppUed  to  a  furnace  in  watts  is  for  a  direct  current  the 
product  of  the  number  of  amperes  and  the  number  of  volts,  whereas  for 
an  alternating  current  it  is  the  product  of  the  number  of  amperes  and 
the  number  of  volts,  multipUed  by  a  factor  known  as  the  power  factor, 
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which  yaries  with  the  construction  of  the  furnace,  as  ejq)lained  later. 
In  this  connection,  it  may  be  stated. that  alternating  current  is  used 
almost  entirely  in  furnace  work,  for  two  reasons.  First,  almost  all 
laige  electric-power  installations  generate  alternating  current,  and 
hence  at  most  places  only  alternating  current  is  available  for  f iimaces, 
unless  the  current  be  transformed  by  means  of  a  motor  generator  set 
into  direct  current.  Moreover,  a  direct  current  is  not  necessary,  and 
in  fact  is  undesirable  in  furnace  work,  because  it  exercises  an  electro- 
lytic action  on  the  metals  produced. 

The  power  (watts)  delivered  to  the  furnace  may  be  kept  constant 
by  keeping  the  voltage  low  and  the  amperage  correspondingly  high, 
or  by  keeping  the  voltage  high  and  the  amperi^e  correspondingly  low. 
If,  for  example,  a  furnace  be  built  for  50  kw.  (50,000  watts)  at  50  volts, 
if  the  power  factor  were  n^lected,  the  ammeter  would  show  1,000 
amperes;  in  other  words,  the  number  of  watts  divided  by  the  num- 
ber of  volts  gives  the  number  of  amperes.  For  currents  of  laige 
amperi^e  lai^e  conductors  are  required,  thus  increasing  the  cost  of 
cables,  transformers,  electrodes,  and  other  equipment.  The  use  of 
a  high  volti^e,  although  economical,  is  generally  impractical,  because 
most  fiimaces  have  a  low  electrical  resistance.  For  example,  in  the 
Swedish  and  Galifomia  types  of  electric  iron-reduction  fiimaces  the 
resistance  is  in  the  neighboriiood  of  0.01  ohm,  and  the  voltage  used 
varies  from  40  to  80  volts  with  a  three-phase  furnace.  With  an 
averi^e  load  of  500  kw.  on  each  phase,  the  corresponding  number  of 
amperes  per  phase  would  be  10,000.  Thus  it  is  seen  that  having  to 
handle  electric  currents  of  high  amperi^e  is  one  of  the  disadvantages 
of  electric-furnace  work  of  this  nature. 

USB  OF  ohm's  law. 

As  previously  stated,  the  power  used  in  a  furnace,  measured  in 
watts,  is  for  direct  current  the  product  of  the  number  of  amperes  and 
the  number  of  volts,  whereas  for  alternating  current  it  is  the  product 
of  the  number  of  amperes  and  the  number  of  volts,  multipUed  by  a 
factor  known  as  the  power  factor.  U  the  relations  between  the  alter- 
nating and  the  direct  current  be  compared,  it  will  be  foimd  that  for  the 
direct  current  a  definite  voltage  is  required  to  force  a  current,  /, 
through  a  resistance,  £,  and,  according  to  Ohm's  law: 

E  (electrical  preesure)**/  X  R 

In  order  to  force  an  equal  alternating  current,  7,  through  a  resist- 
ance (the  resistor,  the  chaise,  or  whatever  is  used  in  a  particular  case), 
the  fact  already  explained  must  be  taken  into  accoimt — ^that  with  the 
alternating  current  an  electromotive  force  due  to  self-induction  is 
generated,  which  is  always  in  the  opposite  direction  to  the  impressed 
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electromotive  force.  Therefore  instead  of  the  equation  bemg 
E=  IxR,  it  must  be  written  as  £^= /x£,  and  as  an  additional  pres- 
sure (voltage)  is  needed  to  overcome  the  electromotive  force  of  self- 
induction,  the  total  volti^e  necessary  for  an  alternating  current  is 
E^Er+E^, 

In  other  words,  the  voltage  of  an  alternating-current  voltage  has 
two  different  pressing  waves,  and  instead  of  the  power  P  on  the  fur- 
nace being  expressed  by  the  equation  P^^ExI,  for  alternating  cur- 
rent the  equation  is  P  =  EI  cos  <f>,  where  <f>  is  the  angle  of  lag  or  lead 
of  current,  because,  as  has  been  pointed  out,  the  effect  of  capacity 
on  the  circuit  is  to  cause  the  electromotive  force  to  lag  behind  the 
current.  Therefore,  if  the  current  either  lags  or  leads,  the  readings 
of  the  instruments  used  for  measuring  the  electric  current  at  the  fur- 
nace (the  voltmeter  and  ammeter)  are  not  true  simultaneous  values, 
and  in  order  to  get  the  true  values  the  product  of  the  number  of  volts 
and  amperes  shown  on  the  instruments  must  be  multiplied  by  a  factor 
obtained  in  the  manner  above  stated. 

Hence,  in  an  alternating-current  circuit  the  product  £x  /  is  called 
the  apparent  power,  and  can  be  measured  in  volt-amperes  or  kilovolt- 
amperes,  a  kilo  volt-ampere  being  equal  to  1,000  volt-amperes.  The 
product  EI  X  cos  <f>  indicates  the  real  or  effective  power  and  is  meas- 
ured in  watts  or  kilowatts.  Inasmuch  as  the  determination  of  the 
cross  section  of  an  electrical  conductor  depends  on  the  strength  of 
the  current  the  conductor  is  to  carry,  and  the  current  strength  de- 
creases with  an  increasing  power  factor,  provided  the  voltage  and 
power  remain  unchanged,  it  is  of  course  desirable  to  obtain  the  highest 
power  factor. 

As  the  ammeter  and  voltmeter  on  an  alternating  circuit  do  not  in 
any  way  indicate  what  the  power  factor  is,  a  special  meter  is  used 
caUed  the  wattmeter,  which  indicates  the  watts  or  kilowatts  directly. 
One  kilowatt  equals  1,000  watts. 

Because  of  the  facts  stated,  it  is  evident  that  in  designing  a  furnace 
a  high-power  factor  should  be  sought. 

POWER  CIRCUITS. 

As  previously  stated,  most  large  power  circuits  are  three  phase, 
which  means  that  three  lines  are  needed  to  conduct  the  current  from 
the  source  of  supply  to  the  point  where  it  is  used,  whereas  with 
single-phase  current  only  two  lines  are  necessary. 

In  using  a  single-phase  current  the  connecting  of  the  electrodes  to 
the  source  of  supply  is  a  simple  matter,  as  may  be  seen  by  referring 
to  figures  1,  2,  3,  and  others.  If,  on  the  other  hand,  tiiree-phase 
current  be  used,  three  different  types  of  connections  may  be  used, 
as  shown  in  figure  13. 
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BBOULATION  OF  THE  BLBCTRIC  CUBSENT. 

The  current  in  an  electric  furnace  may  be  regulated  in  one  of  two 
ways,  as  outlined  bdow: 

1.  Inasmuch  as  the  dectrical  resistance  in  a  furnace  changes  With 
the  hei^t  at  whidi  the  electrode  is  kept  above  the  charge  or  bath, 
the  electrode  may  be  made  moTafale  and  thai  raised  or  lowered  as 
may  be  necessary. 
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FioiTBi  13.— Diftennt  types  of  electric  ftarnaee  oonneotkHB. 

2.  TTie  electrode  may  be  kept  stationary  and  the  voltage  varied 
by  means  of  variable  voltage  transformers. 

The  first  method  is  employed  in  operating  steel  fiunaces  of  the 
H6rOult,  Girod,  and  Electro-Metab  type.  The  raising  and  lowering 
of  the  electrodes  may  be  done  by  hand  or  by  means  of  electric  motors 
controlled  by  instruments  regulated  by  the  voltage  of  the  furnace  in 
such  a  manner  as  to  keep  the  load  constant. 

The  second  method  is  used  on  the  Swedish  and  California  types  of 
furnaces. 
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Van  Norden^  describes  the  electric  control  of  the  electric  iron 
smelting  furnaces  of  the  Noble  Electric  Steel  Co.  at  Heroult,  Cal., 
as  follows: 

Electric  control  is  through  a  switchboard,  there  being  a  panel  for  each  furnace.  As 
the  current  and  power  factor  in  each  phase  must  be  under  observation  at  all  times 
during  operation,  separate  meters  are  installed  in  each  phase.  The  requirements  for 
one  panel  are  three  ammetera,  three  voltmetersy  three  wattmeters,  three  power  factor 
meters,  and  three  recording  wattmeters.  These  are  mounted  across  the  panel  in  rows 
of  three  each.  Under  the  first  four  sets  named  are  three  handwheels  to  control  the 
voltage  variation,  and  under  these,  three  switches  which  control  the  entire  load,  and 
still  under  these  are  the  recording  'vattmeters. 

For  operating  the  voltage  control  and  the  main  circuit  breakers  there  is  a  7^kilowatt 
motor-generator  set,  comprising  a  125-volt  direct-current  generator,  directly  connected 
to  a  10-horsepower  induction  motor.  This  set  has  a  small  panel-board  moimting,  a 
circuit  breaker,  ammeter,  voltmeter,  and  two  single-pole  knife  switches.  *  *  * 
In  the  event  that  line  voltage  should  fall,  or  for  any  other  cause,  the  direct  current 
supply  should  become  deranged,  there  is  a  *  *  *  storage-battery  set,  having  a 
capacity  of  7^  kilowatts  which  may  be  instantly  switched  in,  and  thus  prevent  the 
furnace  from  cutting  out  in  the  case  of  low  voltage. 

ELECTROLYSIS. 

Although  the  electrolytic  or  decomposing  effect  of  the  electric  cur- 
rent finds  more  extended  application  in  the  electrochemical  indus- 
tries than  it  does  in  the  production  of  metals  from  their  ores,  it  is 
nevertheless  more  or  less  used  for  the  latter  purpose,  especially  in 
the  production  of  aluminum,  and  for  that  reason  is  briefly  discussed 
at  this  point. 

BLBCTROLTSIS  OF  WATER. 

The  electrolysis  of  water  is  a  familiar  example  of  the  decomposing 
effect  of  the  direct  electric  current.  By  the  use  of  such  a  current 
water  can  be  resolved  into  its  component  elements,  hydrogen  and 
oxygen.  In  order  to  do  this  the  terminals  of  a  direct  electric  current 
are  inserted  into  a  dish  or  glass  containing  the  water.  The  positive 
terminal  is  known  as  the  anode,  and  the  negative  as  the  cathode. 
When  the  current  is  turned  on,  it  passes  through  the  water  from  the 
positive  to  the  negative  terminal  (from  the  anode  to  the  cathode), 
and  electrolyzes  or  decomposes  the  water.  The  hydrogen  is  liberated 
at  the  cathode,  or  negative  terminal,  which  may  be  designated  the 
n^ative  electrode,  and  the  oxygen  is  liberated  at  the  anode  or 
positive  electrode. 

BLBCTROLTSIS  OF  GOPPBR  SULPHATE. 

Similarly,  if  a  direct  current  be  passed  through  a  solution  of  copper 
sulphate,  which,  in  such  case,  is  termed  the  electrolyte,  copper  will 
be  deposited  at  the  cathode  and  sulphuric  add  gas  will  be  given  off 
at  the  anode.    In  refining  cast  copper,  the  anode  is  made  of  the 

a  Van  Nordea,  R.  W.,  Jour.  Eleot  Power  and  Oas,  vol.  20, 1913,  p.  1. 
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impure  metal,  and  a  solution  of  copper  sulphate  is  used  as  the  electro- 
lyte. Under  the  action  of  the  electric  current,  the  copper  anode  dis- 
solves, and  pure  copper  is  redeposited  at  the  cathode.  Any  substances 
other  than  copper  in  the  anode,  are,  if  the  current  is  properly  regu- 
lated, liberated  and  collect  on  the  bottom  of  the  tank  containing  the 
electrolyte. 

PRBREQUISrrES  OF  AN  BLBCTROLTTE. 

In  electrolyzing  a  solution  of  copper  sulphate,  the  water,  which  is 
a  more  stable  combination  than  copper  sulphate,  is  not  broken  up,  as 
the  current  acts  on  the  least  stable  compoimd.  On  the  other  hand  a 
solution  of  aluminiun  sulphate  is  more  stable  than  water,  and  hence 
an  electric  current  would  decompose  the  water  and  not  the  aluminum 
sulphate.  Such  being  the  case,  the  following  prerequisites  must  be 
observed  in  preparing  an  electrolyte,  namely:  For  the  substance  to 
be  electrolyzed  a  solvent  that  is  more  stable  than  the  salt,  or  the  pure 
salt  in  a  state  of  fusion,  must  be  employed.  Aqueous  solutions  must 
be  avoided  when  the  water  can  react  with  the  metal  produced.  For 
example,  an  aqueous  solution  can  not  be  used  in  the  production  of 
metallic  sodium,  because  water  reacts  with  sodiiun,  forming  caustic 
soda  and  hydrogen. 

ESSENTIAL  DETAILS  OF  ELECTBOLYSIS. 

In  electrolytic  work,  the  quantity  of  metal  produced  depends 
chiefly  on  the  quantity  and  voltage  (electrical  pressure)  of  the  current 
that  is  passed  through  the  electrolyte,  thus  bringing  about  a  definite 
amoimt  of  decomposition  which  is  always  the  same  for  the  same 
solution.  The  quantity  of  metal  that  will  be  liberated  by  electrolysis 
per  unit  of  time  by  a  given  current  may  be  calculated  in  the  following 
manner:  U  a  current  of  1  ampere  be  passed  through  acidulated 
water  for  a  period  of  one  second,  0.0104  milligram  of  hydrogen  will 
be  liberated.  Therefore,  the  quantity  of  metal  obtainable  by  passing 
a  like  current  through  a  copper  sulphate  solution  may  be  determined 

from  the  equation      C^     =  a?,  in  which  C  represents  the  constant 

0.0104,  TT  the  atomic  weight  of  the  metal,  and  Y  the  valency  of  the 
metal  in  the  particular  solution.  However,  the  quantity  of  metal 
shown  by  this  calculation  is  not  always  obtained,  owing  to  the 
secondary  reactions  that  take  place,  such  as  the  liberation  of  hydrogen 
instead  of  the  metal,  the  redissolving  of  metal  in  the  electrolyte,  and 
the  leakage  of  the  current.  For  this  reason,  what  is  termed  current 
efficiency,  by  which  is  meant  that  proportion  of  the  current  that  is 
effective  in  liberating  the  metal,  has  to  be  taken  into  consideration. 
In  order  to  pass  a  stated  quantity  of  electrical  energy  through  a 
given  solution  in  a  stated  time,  the  electrical  current  must  be  kept  at 
a  definite  voltage,  or  pressure,  for  that  particular  solution.  Below 
his  pressure,  or  voltage,  electrolysis  will  not  take  place. 
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Inasmuch  as  the  current  in  passing  through  the  electrolyte  meets 
with  resistance,  heat  is  generated,  the  quantity  of  which  is  proportional 
to  the  square  of  the  current  and  to  the  resistance  of  the  electrolytic 
cell.  As  this  generation  of  heat  represents  the  expenditure  of  elec- 
trical energy,  the  higher  the  temperature,  the  less  efficient  is  the 
decomposing  effect  of  the  current.  However,  in  the  electrolysis  of 
fused  salts  or  compounds,  the  heat  generated  through  the  resistance 
of  the  electrolyte  to  the  passage  of  the  current  serves  to  keep  the 
electrolyte  fused  and  so  is  of  use  instead  of  being  wasted. 

The  nature  and  the  composition  of  the  anode  are  of  great  impoi^ 
tance  in  electrolytic  work.  If  possible  the  anode  should  meet  the 
following  seemingly  contradictory  requirements :  The  anode  material 
should  be  insoluble  in  whatever  is  Uberated  in  contact  with  it  as  the 
result  of  the  electrolytic  action  of  the  current,  but  if  the  material  is 
soluble,  it  should  be  inexpensive,  for  ic  will  be  dissolved  in  proportion 
as  the  metal  is  deposited.  In  the  manufacture  of  aliuninum,  the 
carbon  electrodes  (the  anodes)  are  consumed  by  the  oxygen  liber- 
ated by  the  decomposition  of  the  alumina  of  the  electrolyte  into 
aliuniniun  and  oxygen,  and  the  weight  of  electrodes  consumed  about 
equals  the  weight  of  aluminum  produced.  On  the  other  hand,  as  re- 
gards the  amoimt  of  energy  needed  to  break  up  a  given  weight  of 
compoimd  into  its  elements,  more  voltage  is  required  for  an  anode 
that  does  not  dissolve  than  for  one  that  does. 

In  electric-furnace  work,  electrolysis  is  involved  in  reducing  metals 
from  ores  when  the  metal  is  present  in  the  form  of  a  salt  or  a  mixture 
of  salts  which  must  be  fused  and  the  metal  deposited  from  the  fused 
mixture  by  a  direct  electric  current. 

MECHANICAL  COKSTBTTCTIOK  OF  FUBKACBS. 

The  electrical  side  of  the  subject  has  been  briefly  discussed  in  the 
foregoing  pages.  The  factors  ihat  must  be  taken  into  consideration 
in  the  actual  construction  of  an  electric  furnace  will  now  be  noted. 

FACTORS   AFFECTING  OUTPUT. 

Naturally,  in  the  construction  of  a  furnace,  the  first  matter  to  be 
taken  into  consideration  is  output.  Inasmuch  as  a  small  furnace, 
using  a  comparatively  large  amoimt  of  power,  may  produce  as  much 
as  a  larger  furnace  using  a  comparatively  small  amount  of  power, 
the  nature  of  the  process  must  be  considered  in  deciding  what  size 
of  furnace  will  be  employed.  Then,  too,  one  must  remember  that 
large  electric  furnaces,  large  as  compared  with  modern  copper  and 
iron  blast  furnaces,  have  not  been  successfully  operated  as  yet,  and 
hence  if  the  desired  production  is,  say,  100  tons  or  more  of  metal  a 
day,  the  size  of  the  unit  to  be  employed  will  first  have  to  be  deter- 
mined. As  regards  this  point,  the  facts  that  should  be  borne  in  mind 
are  as  follows :  (a)  The  relative  loss  of  heat  through  the  walls  is  less 
for  a  large  than  for  a  small  furnace,  and  therefore  each  unit  should 
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be  as  large  as  may  be  feasible;  but  (b)  in  order  to  reduce  the  total 
heat  loss  the  furnace  should  be  as  small  as  possible  for  the  stated 
output. 

In  other  words,  for  a  given  output  a  smaller  furnace  is  more  efficient 
than  a  larger  furnace,  but,  as  before  stated,  the  nature  of  the  process 
must  be  taken  into  consideration  in  determining  relative  economy. 
As  a  comparatively  large  amount  of  energy  is  required  to  keep  the 
temperature  of  the  furnace  uniform,  it  is  of  course  better  to  employ 
continuous  processes  wherever  feasible,  or  to  leave  as  little  time  as 
possible  between  charges  if  an  intermittent  process  be  used. 

CALCULATION  OP  ENERGY  REQUIRED. 

When  the  output  of  the  furnace  has  been  determined,  the  amount 
of  energy  that  will  be  required  to  give  this  output  has  to  be  calcu- 
lated. In  this  calculation  the  following  factors  have  to  be  taken  into 
consideration:  (a)  The  heat  available  from  such  chemical  reactions 
during  the  process  as  give  up  heat,  that  is,  as  are  exothermic.  Illus- 
trations of  such  reactions  are  the  burning  of  carbon  to  carbon  monox- 
ide, or  of  carbon  monoxide  to  carbon  dioxide,  or  the  formation  of 
a  silicate.  The  other  factor  is  (b)  the  heat  that  is  absorbed  during 
the  process.  The  absorbed  heat  includes  that  required  to  raise  the 
raw  material  to  a  smelting  temperature,  or  to  a  temperature  at  which 
the  reactions  necessary  to  the  process  take  place,  and  also  the  energy 
that  is  absorbed  in  such  reactions,  as  for  example,  the  reduction  of 
iron  oxide  to  iron,  of  siUca  to  silicon,  or  of  calcium  from  calcium 
oxide.  Almost  all  of  these  changes  involve  the  specific  heat,  gen- 
erally the  latent  heat  of  Uquefaction,  and  sometimes,  too,  that  of 
vaporization.  Also,  allowance  must  be  made  for  loss  of  heat  by 
conduction  through  the  furnace  walls  and  through  the  electrodes. 
These  losses  are  discussed  in  subsequent  pages. 

As  a  result  of  these  calculations  a  heat  balance  sheet  of  the  process 
may  be  constructed.  The  following  example^  will  serve  to  illustrate 
this  point.  Let  it  be  assumed  that  an  iron  ore  is  to  be  smelted  and 
that  the  calculations  for  determining  the  amount  of  heat  available 
and  necessary  show  that  for  each  ton  of  metal  to  be  produced 
1,053,532  calories  must  be  supplied  electrically  and  that  the  desired 
output  is  1  ton  of  metal  per  hour,  then  each  ton  will  require 
1,053,532 -4-3,600  =  292  calories  per  second.    The  total  horsepower 

required  to  furnish  this  heat, -,   ^' — ^— 1,654  horsepower. 

Which  means  that  theoretically  there  would  have  to  be  supplied 
to  the  furnace  a  constant  current  of  1,654  horsepower  in  order  to 
produce  1  ton  of  pig  iron  per  hour. 

a  For  further  informsUoo  on  the  subject  of  caknilfttJonit  of  this  kind  see  Richards,  J.  W.,  MetaUuiiKloil 
laloulstions,  1907,  pt.  %  p.  403;  mnd  Yngstrom,  Lan,  The  electric  production  of  iron  from  iron  ore:  Engineg 
London),  Feb.  26, 1900,  p.  306. 


DESIGN  AND  CONSTRUCTION  OF  ELECTRIC  FURNACES. 


29 


CURRENT   AND   VOLTAGE   NECESSARY. 

After  the  amount  of  current  necessary  to  carry  on  the  process  has 
been  ascertained,  the  voltage  at  which  the  current  is  to  be  supplied 
may  be  determined.  The  choice  of  voltage  is  governed  largely  by  the 
construction  of  the  furnace.  Theoretically  it  is  best  to  have  the 
voltage  as  high  as  possible,  but  practical  considerations  generally 
prohibit  the  use  of  a  high  voltage,  and  hence  a  comparatively  low 
voltage  is  used  in  electric-furnace  work.  For  example,  the  voltage 
used  for  an  iron-reduction  furnace  ranges  from  40  to  80  volts,  50 
volts  perhaps  being  the  average.  In  the  case  of  the  Hfiroult  steel 
fmnace  90  volts  is  used  for  the  three-phase  furnace  at  South  Chicago, 
whereas  for  a  Hfiroult  single-phase  furnace  a  voltage  of  100  to  110 
volts  is  ordinarily  used.  In  an  induction  furnace  the  primary  voltage 
may  be  as  high  as  3,000,  whereas  in  the  Moissan  arc  furnace  it  is 
about  110.  As  a  rule,  in  arc  furnaces  the  arc  should  be  as  long  as 
other  considerations  permit. 

PROPER   SIZE   OF  INTERIOR   OF   FURNACE. 

Of  course  waste  space  in  the  interior  of  a  furnace  greatly  diminishes 
efficiency.  On  the  other  hand,  it  is  sometimes  necessary  to  allow 
for  what  may  seemingly  be  waste.  For  example,  in  the  Swedish 
electric  iron-reduction  furnace  the  roof  of  the  crucible  is  so  con- 
structed as  to  allow  a  gas  space  between  the  surface  of  the  charge  and 
the  roof.  In  this  way  the  roof,  at  the  point  where  the  electrodes  enter 
it,  is  somewhat  protected  from  the  heat  developed  in  the  charge.  Or 
it  may  be  found  best  to  aUow  part  of  the  material  forming  the  charge 
to  chill  along  the  walls  of  the  furnace  in  order  to  protect  the  walls. 
In  such  instances,  however,  the  material  must  be  considered  as  a  part 
of  the  wall  of  the  furnace  and  not  an  available  part  of  the  interior  of 
the  furnace.  As  a  rule  the  interior  of  the  crucible  of  the  furnace 
should  be  made  as  small  as  practicable. 

The  interior  dimensions  of  some  furnaces  in  actual  practice  are 
given  belo^: 

DtTnermons  of  three  furnaces. 


Type  of 
furnaoe. 

Location. 

Prod- 
uct. 

Ca- 

Power. 

Internal  dimenskmB. 

Thickness  of 
lining. 

Diam- 
eter of 
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trodes. 

f 

d 
S 

^ 

1 

1 

1 

S 

02 

8 

H^roolt. 

Do.. 

Oirod... 

Braintree, 
England. 

Sooth  Chi- 
cago, 111. 

V  g  i  n  e  , 
France. 

|steel.. 
...do.. 

}..do.. 

Tons. 

2.6 

15 

2.5-3 

EUowatts. 

300 

1,200-1,600 

300 

Ft.  in. 

r  04    2 

\  66    2 

(«) 

ra3 
\66 

Ft.  in. 

1  8 

2  7 
(«) 

3 
0 

In. 

}  " 

<i36 

}  " 

In. 
14 

In. 
12 
18 

In. 
12 
12 

In. 

14 
14 

a  Bottom. 


6  Top. 


e  Circular;  diameter,  120  inches. 


d  Approximate. 
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PBOPEB  SHAPE   OF  GBUOIBLE. 

The  next  item  to  be  taken  into  consideration  after  the  cubic  con- 
tents of  the  crucible  has  been  determined  is  the  shape  of  the  crucible. 
Theoretically,  the  spherical  form  is  best  so  far  as  heat  losses  and 
general  efficiency  are  concerned,  but  here,  as  in  the  determination 
of  all  points  that  have  to  be  considered  in  the  construction  of  a 
furnace,  the  special  requirements  to  be  met  rather  than  the  theoretical 
considerations  will  have  the  most  weight. 

TYPES   OF  FURNACE  LININGS. 

The  kind  of  refractories  that  will  be  used  in  the  lining  of  the  furnace 
will  depend  on  the  natiu*e  of  the  product — that  is,  whether  it  is  to  be 
a  solid  or  a  liquid,  and  whether  it  will  be  acid,  basic,  or  neutral  in 
its  chemical  action. 

ACID  REFRACTORIES. 

SUica. — Silica  sand,  either  as  such  or  made  into  brick,  is  most 
commonly  used  when  a  siliceous  refractory  material  is  desired.  A 
typical  analysis  of  a  silica  sand  is  as  follows: 

Typical  analysis  of  silica  sand. 

Percent. 

Water 0.24 

SiUca 97.26 

Alumina  and  iron  oxide 16 

Lime 08 

Alkalies 36 

llagTiesia 39 

Lo66  on  ignition 36 

When  the  sand  is  made  into  bricks  a  small  percentage  of  lime  or 
some  other  similar  substance  is  used  as  a  binding  material.  By 
reason  of  the  binder  the  melting  point  of  the  bricks  is  lower  than  that 
of  the  pure  sand,  and  bricks  made  of  pure  fused  quartz  would  be  more 
refractory.  There  is  a  possibihty  that  such  bricks  may  soon  be 
available  for  use  in  fiunace  linings.  A  good  silica  brick  should 
not  contain  less  than  95  per  cent  of  sihca. 

Diruis  brick. — The  name  Dinas  was  applied  originally  to  a  brick 
made  in  Wales,  from  a  pure  sandstone  that  contained  as  much  as 
98.3  per  cent  and  not  less  than  96  per  cent  silica.  A  Dinas  brick 
that  contains  98  per  cent  siUca  contains  about  0.72  per  cent  alumina 
(AljO^  and  0.10  to  0.20  per  cent  each  of  iron  oxide  (FejOj),  lime 
(CaO),  and  alkaUes. 

Although  Dinas  bricks  are  capable  of  withstanding  high  tempera- 
tures, they  have  a  coarse  texture,  are  rather  friable  and  brittle,  and 
do  not  witiistand  abrasion.    Two  grades  of  these  bricks  are  used  in  the 
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United  States,  one  being  imported  and  the  other  made  in  domestic 
plants.    An  analysis  ^  of  an  American  brick  is  as  follows: 

Analysts  of  an  American  Dinas  brick. 

Ptfoeot. 

SiOa 94.07 

FeaO,  and  AI2O, 3.66 

CaO 1.39 

MgO 19 

The  Dinas  bricks  diflfer  from  ordinary  silica  bricks  in  the  binder 
used.  In  many  silica  bricks  the  binding  material  is  clay,  whereas 
in  the  Dinas  bricks,  as  before  mentioned,  the  binding  material  is  a 
lime  silicate. 

Oanister. — ^The  term  "ganister ''  is  used  loosely.  According  to  Ful- 
ton^ it  means  a  siliceous  material  of  about  the  following  composition: 
Quartz,  83  per  cent;  clay,  13  per  cent;  and  impurities  and  moisture, 
4  per  cent.  Any  siliceous  material  containing  silica  and  clay  in  the 
above  proportions  may  be  used  as  gamster,  provided  it  does  not 
contain  fluxing  ingredients  enough  to  lower  materially  the  refrac- 
toriness of  the  product.  Gamster  can  be  made  by  mixing  a  highly 
siliceous  material  with  enough  clay  to  act  as  a  binding  material.  It 
is  not  used  as  bricks,  but  as  loose  material,  which  is  tamped  into 
place  as  in  furnace  bottoms. 

Fire  day. — ^Fire  clay  is  sometimes  classed  as  an  acid  refractory  and 
sometimes  as  a  neutral  one,  owing  to  the  fact  that  in  different  clays 
the  proportions  of  siUceous  and  aluminous  contents,  which  together 
should  constitute  92  to  98  per  cent  of  the  clay,  differ  widely.  The 
refractoriness  of  a  clay  depends  upon  the  proportion  of  those  constit- 
uents which  tend  to  lower  the  melting  point  of  the  clay.  For  the 
most  part  these  constituents  are  ferric  oxide,  titanium  oxide,  Eme, 
magnesia,  and  oxides  of  sodium  and  potassium.  Of  these  constitu- 
ents, ferric  oxide  probably  lowers  the  refractoriness  of  the  clay  more 
than  any  other,  especially  if  the  day  also  contains  carbonaceous 
matter.  Owing  to  the  presence  of  the  mineral,  kaolinite  fire  clays  are 
plastic  when  mixed  with  a  comparatively  small  proportion  of  water, 
and  for  this  reason  are  easily  molded  into  bricks  of  any  required 
shape.  In  practice  it  has  been  found  that  the  texture  of  a  brick 
governs  to  a  certain  d^ree  its  refractoriness.  For  instance,  a  brick 
made  of  a  fine-grained  clay  is  not  as  refractory  as  one  made  from  a 
day  in  which  there  is  a  large  proportion  of  coarse  particles,  even  if 
the  two  clays  have  the  same  chemical  composition.  The  refractori- 
ness of  a  fire  brick  is  much  increased  by  the  coarseness  of  texture; 
that  is,  if  a  fire  brick  be  composed  of  a  ground  mass  of  fine  grains  in 
which  are  embedded  comparatively  coarse  grains,  the  greater  the  per- 

a  Fulton,  C.  H.,  Princfples  of  metanurgy,  1910,  p.  834.  &  Fulton,  C.  H.,  op.  cit.,  p.  335. 
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centage  of  coarse  grams  the  more  refractory  will  be  the  brick.  Ful- 
ton ^  has  shown  that  the  principle  involved  is  the  same  as  that  gov- 
erning the  formation  temperature  of  slags. 

BASIC  MATERIALS. 

lAme, — One  of  the  most  abimdant  basic  refractory  materials,  and 
theoretically  one  of  the  best,  is  lime  (CaO),  which  has  a  melting  point 
of  about  1,900°  C.  Practically,  however,  pure  lime  is  of  no  use  as 
furnace  lining  because  of  the  rapidity  with  which  it  slakes  when 
exposed  to  air.  It  has  been  foimd,^  however,  that  if  the  lime  be 
fused,  it  will  resist  moist  air  for  several  days,  whereas  ordinarily  it 
will  do  so  for  only  a  few  hours. 

Magnesia. — Probably  the  most  important  of  the  basic  refractory 
materials  is  magnesia  (MgO),  which,  in  electric  furnace  work,  is  used 
mostly  in  the  form  of  brick.  The  bricks  are  made  by  mixing  90  per 
cent  of  thoroughly  burned  magnesite  with  10  per  cent  of  incompletely 
burned  material,  which  is  added  for  the  purpose  of  causing  the  briclra 
to  set.    The  mixture  is  then  molded  into  shapes  and  burned. 

The  bricks  are  dense  and  hard,  and  can  be  heated  up  to  1,800°  or 
1,900°  C.    The  objections  to  the  use  of  magnesia  bricks  are  as  follows: 

1.  They  are  good  conductors  of  heat,  and  when  hot  become  fairly 
good  conductors  of  electricity. 

2.  They  expand  somewhat  on  heating  and  spaU  or  flake  off  when 
subjected  to  sudden  changes  of  temperature. 

3.  They  are  liable  to  go  to  pieces  if  subjected  to  a  heavy  load  when 
hot. 

4.  They  are  liable  to  shrink  and  crack  when  heated  to  high  tem- 
peratures. 

Electrically  calcined  magnesite. — If  the  magnesite  be  calcined  in  an 
electric  furnace,  where  it  is  subjected  to  a  much  higher  temperature 
than  is  the  ordinary  calcined  magnesite,  it  is  less  liable  to  shrink  and 
crack,  and  does  not  absorb  carbon  dioxide  gas  as  readily  as  does 
Ordinary  calcined  magnesite.  Fitzgerald^  states  that  several  tons 
of  magnesia  have  been  electrically  calcined  and  tested  in  a  great 
variety  of  furnaces,  and  in  every  case  excellent  results  have  been 
obtained.  He  also  states  that  a  resistance  furnace  has  been  devel- 
oped that  will  calcine  the  magnesite  to  the  desired  degree. 

Baxixite. — Bauxite  is  used  for  making  both  basic  and  neutral  refrac- 
tory linings,  the  nature  of  the  chemical  action  depending  largely 
upon  the  composition  of  the  bauxite  used.  As  compared  with  mag- 
nesia, bauxite,  which  is  extensively  mined  as  an  ore  of  aluminum,  is 
cheaper.    It  can  be  made  into  a  very  hard  and  tough  brick,  the  tensile 

a  Fulton,  C.  H.,  Princtplflt  of  metaOuigy,  1010,  p.  272. 

»  FiUgerald,  F.  A.  J.,  Refractories:  Met.  and  Chem.  Eng.,  vol.  10, 1012,  p.  129. 

c  FitsgtfaM,  F.  A.  J.,  Loe.  dt. 
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strength  of  which  may  be  as  much  as  10,000  pounds  per  square  inch. 
When  used  for  making  brick,  bauxite  has  to  be  selected  with  care, 
as  it  must  contain  enough  silica  and  iron  oxide  to  make  a  firm  brick 
through  the  combination  and  incipient  fusion  of  the  two  oxides.  On 
the  other  hand,  it  must  not  contain  too  much  silica,  as  that  lowers  its 
refractoriness.  If  the  byick  is  to  be  used  as  a  basic  refractory  material, 
the  silica  content  should  not  exceed  12  per  cent.**  The  composition 
of  a  bauxite  suitable  for  brickmaking  is  approximately  as  follows:^ 

Approximate  analysis  of  hawcitefor  mahing  brick. 

Percent. 

Smca(SiOa) 4  to    7 

Iron  peroxide  (Fe^O^) 3to   5 

Alumina  (AljOj) 60 

Water  (HjO) 30 

Although  bauxite  is  very  refractory,  it  must  be  almost  completely 
calcined,  a  difficult  attainment,  before  it  can  be  used  for  furnace 
lining  or  else  it  will  shrink  excessively  at  fiu-nace  temper atiu-es. 
Calcination  causes  it  to  lose  its  combined  water  and  thus  destroys 
its  plasticity.  Because  of  these  disadvantages  it  is  seldom  used  in 
electric  furnaces.  At  Braintree,  England,  the  Lakes  &  Elliott  Foun- 
dry Co.  have  used  bauxite  bricks  in  the  construction  of  the  roof  of 
their  Hfiroult  steel  furnace.  The  roof  lasts  from  14  to  28  heats. 
The  short  life  of  the  roof,  as  compared  to  the  life  of  the  roof  of  other 
furnaces,  is  doubtless  due  to  the  fact  that  the  construction  of  the 
furnace  was  such  as  to  prevent  the  usual  amount  of  radiation. 

NEUTRAL  LININaS. 

Carbon. — Carbon  is  neutral  and  is  one  of  the  most  highly  refrac- 
tory substances  known.  It  is  generally  used  in  the  form  of  lamp  black 
or  retort  carbon. 

Although  carbon  is  capable  of  withstanding  the  action  of  slags, 
it  has  the  drawback  of  being  readily  attacked  by  metals  which  have 
a  strong  affinity  for  it.  For  this  reason  carbon  in  the  form  of  brick, 
or  rammed  with  tar,  has  never  come  into  practical  use  in  open- 
hearth  furnace  bottoms,  but  the  bottoms  of  furnaces  used  for  mak- 
ing ferro-alloys,  such  as  ferrochrome  and  calciiun  carbide,  are  nearly 
all  made  of  carbon.  Moreover,  these  bottoms  are  as  durable  as  any 
other  part  of  the  furnace,  in  fact  more  so.  At  the  works  of  the 
Keller-Leleux  Co.,  Livet,  France,  the  furnaces,  when  once  charged 
and  started,  are  run  continuously  for  an  average  period  of  a  couple 
of  years.  The  company  states  that  the  period  may  be  made  as  long 
as  four  years.*    Also,  when,  in  1912,  one  of  the  authors  of  this  bul- 

a  Fulton,  C.  H.,  Principles  of  metallurgy,  1910,  p.  340. 
» (Editorial),  Met.  and  Chem.  Eng.,  vol.  8, 1910,  p.  107. 

e  Copeman,  8.  M.,  Bennett,  S.  R.,  and  Hahe,  H.  W.,  Manufacture  and  transport  of  ferroellicon:  Met 
and  Chem.  Eng.,  vol.  8,  March,  1910,  p.  135. 
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letin  visited  the  plant  of  the  Meraker  Electric  Smelting  Co.,  Kop- 
peraaen,  Norway,  he  was  informed  that  one  of  its  fmnaces,  which 
have  carbon  bottoms  and  are  used  in  the  production  of  ferrochrome 
and  calcium  carbide,  had  been  running  continuously  for  22  months 
and  the  other  for  6  months.  That  the  carbon  bottoms  in  these 
furnaces  are  not  destroyed  is  probably  because  enough  carbon  is 
added  to  the  charges  to  satisfy  the  alloys  produced  and  because  the 
bottoms  are  not  exposed  to  oxidation. 

The  bottoms  are  made  of  lampblack  or  retort  carbon,  which  is 
mixed  with  tar,  heated,  and  then  rammed  into  place. 

Chromite. — Chromite,  usually  termed  chrome  iron  ore,  is  a  sesqui- 
oxide  of  chromium.     A  typical  analysis  of  chromite  is  as  follows: 

Typical  analysis  of  chromite. 

Peroent. 

Pesquioxide  of  chromium  (CraOj) 38  to  40 

Alumina  (AljOj) 24. 5 

Iron  peroxide  (FejOa) 17. 5 

SiUcaCSiOj) 3.26 

Magnesia  (MgO) 15. 0 

Although  chromite  is  extremely  infusible,  this  property  has  the 
disadvantage  of  making  its  thorough  sintering  difficult.  For  this 
reason,  chromite,  although  not  affected  by  comparatively  high  tem- 
peratures, will  not  withstand  mechanical  erosion,  and  hence  is  not 
suited  to  furnace  bottoms.  It  is  well  suited  to  the  construction  of 
furnace  walls  above  the  slag  line,  where  they  are  not  subjected  to 
mechanical  erosion  of  any  sort. 

Alundum. — ^Alundum  is  made  by  purifying  and  fusing  bauxite  in 
an  electric  furnace.  Two  forms,  a  white  and  a  brown,  the  former 
being  the  purer,  are  on  the  market.  The  melting  point  of  white 
alimdum  is  between  2,050°  and  2,100°  C.  and  that  of  the  brown 
product  is  not  more  than  50°  lower.* 

Alundum  has  been  formed  into  bricks  which  were  used  for  making 
the  roof  of  an  electric  furnace.  In  this  same  furnace  a  roof  built  of 
silica  brick  was  destroyed  in  5  or  6  hours,  whereas  the  alundum  roof, 
at  similar  temperatures,  lasted  40  or  50  hours.  However,  as  pointed 
out  by  Fitzgerald,*  although  alundum  bricks  are  capable  of  with- 
standing high  temperatures  when  used  in  the  construction  of  the 
roof  of  an  electric  steel  furnace,  they  are  not  entirely  suited  for  such 
construction  for  the  following  reasons: 

1.  The  lime  vapors  that  rise  from  the  intensely  heated  basic  slag 
in  the  furnace  react  with  the  alundum  brick  and  in  time  destroy 
the  roof. 

a  Fitzgerald,  F.  A.  J.,  Refractories:  Met.  and  Chem.  Eng.,  vol.  M),  llaroh,  1013,  p.  139. 
b  Fltigerakl,  F.  A.  J.,  Idem. 
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2.  Although  alundum  bricks  outlast  silica  bricks,  yet  because  of 
their  extra  cost  their  use  in  electric-furnace  construction  is  not 
warranted. 

CoA^Hmindum. — ^When  sand,  sawdust,  and  coal  are  heated  together 
in  an  electric  furnace  at  a  high  temperature,  a  carbide  of  silkK)n  is 
formed  which  is  known  as  carborundum.  This  carborundimi  may 
be  crushed  and  made  into  brick  by  miTring  the  crushed  product  with 
a  suitable  binder,  such  as  tar,  glue,  or  sodium  silicate.  The  fusing 
point  of  carborundum  itself  is  about  2,200^  C.  Three  samples  of 
carborundum  brick  were  recently  submitted  to  the  Bureau  of  Stand- 
ards for  examination,  and  the  melting  point  of  all  three  proved  to 
be  about  1,720*^  C.  The  failure  of  these  bricks  was  due  to  the  destruc- 
tion of  the  binder,  not  to  the  fusion  of  the  material  as  a  whole. 
After  the  binder  is  destroyed,  the  remaining  material  has  too  little 
strength  to  last  as  a  brick,  often  crumbling  from  its  own  weight. 
The  binding  material  is  largely  vaporized,  perhaps  after  a  chemical 
reaction  with  the  carborundum,  as  is  shown  by  a  considerable  loss 
in  weight  and  by  the  remaining  material  containing  practically  noth- 
ing but  carborundum.  All  three  samples  behaved  in  practically  the 
same  way  under  test.  When  they  were  heated  in  a  vacuum,  loss  of 
the  binding  material  became  noticeable  at  about  1,725^  C.  and 
became  rapid  at  1,750*^  C.  When  the  samples  were  heated  at  atmos- 
pheric pressure,  loss  occurred  at  those  temperatures,  but  it  did  not 
become  rapid  imtil  a  higher  temperature  was  reached.  At  1,860^  C. 
considerable  changes  occiured  in  half  an  hour. 

Orystdon. — Crystolon  is  a  trade  name  given  to  a  crystalline  form 
of  carborundum  made  by  the  Norton  Co.  Being  crystalline,  it  is 
made  at  a  higher  temperature  than  the  amorphous  form  and  is  more 
refractory.  The  Norton  Co.  and  the  Fitzgerald  &  Bennie  laboratories 
have  done  a  great  deal  of  experimenting  with  crystolon  as  a  refractory 
material.  Fitzgerald'  describes  the  results  of  the  experiments  as 
follows: 

Under  ordinary  condidons  crystolon  is  infusible,  but  when  heated  to  a  sufficiently 
high  temperature  in  a  reducing  or  neutral  atmosphere  it  is  decomposed,  silicon 
vaporizing  and  the  carbon  remaining  behind  as  graphite.  If  heated  to  a  sufficiently 
high  temperature  in  a  strongly  oxidizing  atmosphere,  slow  oxidation  occurs,  the 
carbon  burning  to  carbon  monoxide  and  the  silicon  forming  silica.  The  latter  appears 
to  form  a  protective  coating  which  prevents  further  oxidation,  or  at  least  prevents  it 
from  proceeding  rapidly. 

Fitzgerald  ^  has  patented  a  method  for  making  crystolon  into  any 
desired  form  without  the  use  of  a  binding  agent.  He  mixes  finely 
pulverized  silicon  carbide  with  some  temporary  binder,  such  as  a 
solution  of  glue  or  dextrine,  molds  the  mixture  into  the  desired  form, 
and  then  heats  it  in  an  electric  furnace  to  the  temperature  at  which 

a  Fitsgerald,  F.  A.  J.,  Refractories:  Met.  and  Chem.  Eng.,  vol.  10, 1012,  p.  120. 
»  FitsgeiBM,  F.  A.  J.,  U.  8.  patents  660^  and  650,236. 
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silicon  carbide  is  formed.  This  causes  a  crystallization  or  recrjstal- 
lization  of  the  silicon  carbide,  and  a  strong,  very  refractory  article 
is  obtained. 

As  one  of  the  greatest  drawbacks  to  the  use  of  the  electric  furnace 
in  metallurgy  has  been  the  difficulty  of  maintaining  the  roof  of  the 
crucible,  the  possibility  of  using  crystolon  bricks  in  roofs  is  most 
important,  and  it  is  to  be  hoped  that  the  material  will  prove  satis- 
factory for  this  purpose. 

SUrrABLE   BEFBACTOBIES. 

• 

The  selection  of  a  smtable  refractory  for  electric  furnaces  is  often 
difficult.  After  decision  has  been  reached  as  to  whether  an  add, 
basic,  or  neutral  refractory  is  desired,  the  next  step  is  to  determine 
which  may  be  the  best  refractory  imder  the  conditions  to  be  met. 

Owing  to  defects  in  the  process  of  manufacture,  the  melting  point 
of  a  brick  is  not  always  a  measure  of  its  refractoriness.  For  example, 
the  use  of  fire-clay  brick  as  a  refractory  may  be  contemplated,  and  two 
samples  may  be  submitted  for  examination.  One  is  found  to  have 
a  lower  melting  point  than  the  other,  and  so  it  may  be  said  to  be 
less  refractory,  but  in  service  the  one  with  the  lower  fusion  point 
may  be  foimd  to  last  three  to  five  times  as  long  as  the  one  with  the 
higher  fusion  point.  If  the  structure  of  two  such  bricks  be  exam- 
ined, the  more  durable  brick  will  probably  show  a  dense  stony-like 
structure,  in  which  the  component  grains  are  firmly  held  by  the  bond, 
whereas  the  one  with  the  higher  fusion  point  will  probably  show  a 
crumbly  fracture.  By  reason  of  these  structural  differences  in  the 
bricks  the  one  with  the  lower  fusion  point  wears  away  slowly,  whereas 
the  other,  as  soon  as  its  surface  is  worn  off,  falls  to  pieces.  The  com- 
position of  the  latter  brick  is  correct,  but  the  brick  was  improperly 
made.  For  this  reason,  in  the  selection  of  a  fire  brick  its  analysis 
and  fusion  point  are  not  reUable  indices  of  its  refractoriness.  As 
Rigg''  has  pointed  out,  the  properties  possessed  by  a  product  that 
may  be  properly  regarded  as  refractory  may  include  any  or  all  of  the 
following,  according  to  the  conditions  of  service : 

1.  Absolute  infusibility  at  the  highest  working  temperature. 

2.  Complete  absence  of  deformation  and  shrinkage  under  working 
conditions. 

3.  Mechanical  strength. 

4.  Complete  resistance  to  penetration  of  vapors,  slags,  etc. 

5.  A  chemical  composition  fitted  to  withstand  as  completely  as 
possible  the  corrosive  action  of  the  substances  to  which  the  bricks 
are  exposed. 

6.  Equality  and  fixity  of  form  and  dimensions. 

a  'Rigg,  OObert,  Defects  In  rehaotory  briok  and  their  canMK  Met  and  Ghfim.  Eng.,  toL  8,  Uajp  1910^ 
p.  187. 
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As  all  of  these  properties  depend  on  the  care  with  which  the  bricks 
are  manufactured,  as  well  as  on  their  composition,  there  is  obviously 
a  good  reason  for  pm*chasing  bricks  from  firms  whose  reputation  is 
well  established  and  who  are  able,  by  reason  of  their  experience,  to 
tiun  out  a  product  that  will  meet  the  requirements  mentioned  by 

It  is  well  to  remember  that  the  structure  of  a  brick — that  is,  whether 
it  is  porous  or  not — has  a  great  deal  to  do  with  its  fusion  point,  if  it 
is  to  be  exposed  to  furnace  gases  or  slags.  Especially  is  this  true  of 
slags;  for,  obviously,  if  the  brick  be  porous,  the  slag  will  penetrate  the 
pores  of  the  brick  and  will  likely  act  as  a  flux  for  its  constituents. 
Rigg  cites  from  his  own  experience  an  example  in  point.  The  melting 
point  of  a  fire-clay  mass  exposed  to  a  penetrating  slag  fell  from  over 
1,700**  C.  to  1,400**  C,  although,  except  for  a  coat  of  glaze,  the  mass 
appeared  unchanged.  Under  the  microscope  the  filling  of  the  pores 
by  slag  was  plainly  visible. 

MELTING  POINTS   OF  BEFBAOTOBY  BfATEBIALS. 

The  following  table  shows  the  melting  points  of  some  of  the  most 
important  refractory  materials  used  in  furnace  construction: 

MeUing  points  of  important  refractory  materiaU. 


Name  of  substanoe. 


Fireclay 

SlUca  brick 

Silica,  pure 

Lime 

Magneeift  brick. 

Almnina. 

Garbonmdum.. 
GarboD 


Melting  point. 

Cbemical 

nature. 

•c. 

•  J. 

1,400-1,800 

2,250-3,300 

Neutral 

1,700-1,800 

3,092-3,272 

Acid 

1,830 

3,326 

Do. 

2,040 

3,704 

Basic 

2,000 

3,632 

Do. 

2,100 

3,844 

Neutral 

2,220 

4,060 

Do. 

03,700 

06,756 

Do. 

a  Boils. 


In  Technologic  Paper  10"  of  the  Bureau  of  Standards  the  melting 
points  of  various  bricks  are  given,  as  follows: 

MeUing  points  of  various  bricks. 


Kind  of  brick. 

Melting  point. 

•c. 

•F. 

Fireclay 

1,655-1,726 

1,565-1,785 

1,700-1,706 

2,060 

2,166 

2,863-3,160 

2,881-^,277 

3,002-3,101 

3,754 

3,093 

Bauxite 

Silica. 

Chromite 

Vftgnf^f^. . 

a  Kanolt,  C.  W.,  Melting  points  of  fire  bricks:  Tech.  Paper  10,  Bureau  of  Standards.  1912,  p.  16. 
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As  pointed  out  in  the  paper  by  Kanolt  above  mentioned,  ''it 
does  not  seem  possible  to  establish  any  very  definite  relation  of  a 
fire  brick,  to  its  melting  point.  Since  the  bricks  contain  about  eight 
differ^it  constituents  in  quantities  sufficient  to  affect  the  mating 
point,  and  since  the  melting  point  may  idso  be  affected  by  lack  of 
homogeneity  in  the  material,  it  is  obvious  that  a  prediction  of  the 
mdting  point  upon  the  basis  of  a  chemical  analysis  would  be  uncer- 
tom." 

In  brief,  it  may  be  said  that  in  the  construction  of  an  electric  fur- 
nace the  choice  of  the  refractory  materiid  depends  on  its  capability  to 
withstand  fusion  in  the  walls  and  the  crucible  of  the  furnace  when 
subjected  to  the  action  of  the  solids,  liquids,  and  gases  that  are  em- 
ployed in  connection  with  or  are  produced  at  the  working  temperar 
ture  of  the  process. 

FBOPEB  THICKNESS  OF  FURNACE  WAIXS. 

When  the  kind  of  refractory  material  that  will  be  best  suited  to 
the  furnace  has  been  determined,  the  next  item  is  the  most  desirable 
thickness  of  the  walls  of  the  furnace,  especially  of  the  crucible.  This 
detail  is  of  much  importance  because  the  efficiency  of  an  dectaic  fur- 
nace depends  largely  on  the  proportion  of  the  heat  value  of  the  dee- 
trical  energy  that  is  utilized  in  heating  the  contents  of  the  furnace. 
This  matter  is  especially  important  in  the  electric  furnace,  because 
the  electric  energy  used  in  heating  the  furnace  is  generally  much 
more  expensive  than  are  the  fuels  similariy  used.  On  the  other 
hand,  as  has  been  pointed  out,  the  heat  supplied  to  a  combustion 
furnace  is  largely  carried  away  by  the  escaping  flue  gases,  ^ereas 
in  the  electric  furnace  this  loss  does  not  occur.  Hence  in  the  con- 
struction of  the  electric  furnace  the  main  considerations,  are  the  heat 
conductivities  of  the  furnace  materials  and  the  ratio  of  heat  loss  per 
unit  of  volume. 

Naturally,  the  heat  loss  per  unit  of  volume  depends  largely  on  the 
heat  conductivity  of  the  materials  that  are  used  in  the  construction 
of  the  furnace. 

HEAT  CONDUCnvrriES  OF  FUBN ACE-WALL  MATERIALS. 

In  the  tabulation  following  are  given  the  heat  conductivities  of 
various  refractory  materials.'' 

•  Staosfleld,  A.,  Tb«  electric  fumftot,  1907,  p.  67. 
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Heat  conducUvUtea  of  furnace  materials. 
[In  C.  O.  8.  units.] 
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HateriaL 

Temperature. 

Conductivity. 

'C. 

0-   500 

0-1,300 

0-    700 

0-1,300 

20-     98 

18-     98 

18-     98 

20-     98 

17-     98 

0-    660 

a  00140 
.00310 
.00204 
.00(V20 
.00029 
.00060 
.00000 

.mm 

.00018 
.00088 

....do 

Llm« 

Carborandam  sand 

Qusrtf  sand. .. . .  -  t 

Fire-brldk:  dust 

Tnhvwrfal  mrth  r ,  ^ . 

....do 

In  connection  with  the  conductivity  figures  Stansfield  '  remarks  as 
follows: 

The  figures  indicate  the  number  of  gram-caloried  of  heat  that  would  pass  in  one 
second  through  a  centimeter  cube  of  the  material  if  the  hot  and  cold  sides  differed 
in  temperature  by  1  degree  centigrade.  The  best  conductivity  varies  with  the  tem- 
perature, being  greater  at  high  temperatures,  as  }fi  shown  by  the  first  two  and  the  last 
two  items  in  the  list.  The  figures  represent  the  mean  conductivity  for  the  range  of 
temperature  indicated,  and  were  probably  obtained  by  measuring  the  flow  of  heat 
through  a  wall  of  definite  thickness  and  area,  the  two  sides  of  which  were  maintained 
at  the  temperatures  mentioned.  It  will  be  understood  that  a  material  having  a  high 
conductivity  for  heat,  as  dhown  in  the  table,  would,  If  used  in  the  construction  of  a 
furnace  wall,  allow  a  C9nsiderable  amount  of  heat  to  escape  and  be  wasted. 

PROPER  VOLUME   OF   CRUCIBLE. 

After  the  proper  refractory  material  for  use  in  the  construction  of 
a  furnace  has  been  selected,  it  is  necessary  to  determine  whether  the 
laboratory  or  crucible  of  the  furnace  has  the  proper  volume,  for  the 
latter  is  largely  governed  by  the  heat  conductivity  of  the  materials 
used  in  the  construction  of  the  crucible,  and  likewise  the  degree  of 
heat  insulation  possible  or  feasible.  On  the  other  hand,  it  may  be 
necessary  to  provide  for  carrying  away  heat  from  some  parts  of  the 
furnace  that  may  be  exposed  to  corrosive  slags  or  to  a  very  high 
temperature.  In  order  to  bring  this  about,  air  cooling  or  water  cool- 
ing may  be  adopted. 

INSULATION  DESIRABLE. 

If  it  be  desirable  to  insulate  the  walls  of  the  furnace,  the  d^ree  of 
insulation  desirable  must  be  determined.  To  effect  perfect  insula- 
tion would  be,  as  pointed  out  by  Hering,^  to  surround  the  furnace 
walls  with  a  material  that  at  each  point  has  the  same  temperature  as 
that  of  the  adjacent  point  of  the  conductor.  In  attempting  to  ob- 
tain perfect  insulation,  it  is  quite  possible  to  overinsulate,  and  thus 
cause  serious  d^image  to  the  inner  walls  of  the  crucible;  that  is,  in 

a  Stansfield,  A.,  loc.  cit. 

ft  Bering,  C,  The  thermal  insulation  of  furnace  walls:  Met.  and  Chem.  Eng.,  vol  10,  February ,  1912,  p.  97. 

4700^— Bull.  77—14 4 
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certain  instances,  in  order  to  maintain  the  inner  walls  it  may  be 
necessary  to  permit  a  considerable  flow  of  heat  from  the  inner  walls 
through  the  outer  walls  in  order  to  prevent  the  destruction  of  the 
inner  walls.  The  degree  of  insulation  that  should  be  attempted  can 
be  determined  only  by  careful  calculation  and  experimentation. 
The  following  table  of  insulating  values  is  given  by  Snyder.'' 

Thermal  eondiictivUy  of  refractories. 

D — ^Degrees  centigrade  requii^  to  force  a  heat  flow  of  1  kilowatt  per  square  foot 

through  1  inch  of  thickness  of  the  material.    T— Temperature  at  hot  side  of  material. 

t— Temperature  at  cold  side  of  material. 

t         T  D 

Alumina  brick 0  700  320 

ABhes,  wood 0  100  3, 840 

Brick  dust,  coane 0  100  1, 680 

Carbon,  retort,  solid 0  100  46 

Carbon,  electrode 100  400  7.1 

Carbon,  electrode 100  800  6.2 

Carbon,  electrode 100  1,200  6.0 

Carbon,  electrode 100  1,600  4.5 

Carborundum  sand 18  98  1,300 

Cement 0  700  3,800 

Charcoal 0  100  2,960 

Clinker,  small  grains 0  700  600 

Coke,  powdered 0  100  1, 480 

Copper,  metallic 0  30  0. 7 

Fire  brick 0  500  465 

Firebrick 0  1,000  165 

Firebrick 0  1,300  106 

Fire-brick  dust 20  98  2,300 

Graphite,  dust 20  100  1,630 

Graphite,  electrode 100  400  1. 9 

Graphite,  electrode 100  800  2.1 

Graphite,  electrode 100  1, 200  2. 3 

Graphite,  electrode 100  1, 600  2. 6 

Infusorial  earth 17  98  6,000 

Infusorial  earth 0  650  1,720 

Iron,metallic 100  200  4.4 

Lime 20  98  2,250 

Magnesia,  brick,  dust 20  100  1,300 

Magnesia,  brick 0  1,000  92 

Magnesia,  calcined,  Grecian,  granular 20  100  1, 450 

Magnesia,  calcined,  Styrian 20  100  1,920 

Magnesia,  calcined,  li^t,  porous 20  100  4,100 

Quarta  sand 18  98  1, 090 

Silica  brick,  burned  to  1,050'»  C 0  1,000  33? 

Silica  brick,  burned  to  1,310**  C 0  1,000  210 

As  has  been  stated,  the  ratio  of  heat  loss  per  unit  of  volume  will 
be  inversely  proportional  to  the  dimensions  of  the  furnace  when  the 
walls  are  of  equal  thickness  in  each  furnace  considered.     However, 

tt  Snydff,  F.  T.,  Flow  of  liMt  ttanwgh  Itunaoe  waUs:  Tnos.  Am.  Etoctrochem.  See.,  vol.  18, 1010,  p.  941^ 
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as  a  matter  of  fact,  smaller  furnaces  generally  have  thinner  walls 
than  do  the  larger  ones,  and  so,  in  addition  to  the  heat  loss  that  may 
be  calculated  as  being  inversely  proportional  to  the  dimensions  of 
the  furnace,  the  loss  of  heat  through  correspondingly  thinner  walls 
must  be  considered.  For  this  reason  a  large  furnace  is  more  efficient 
than  a  small  furnace;  that  is,  the  amount  of  work  performed  per  unit 
of  electrical  energy  expended  is  greater  in  the  large  furnace  than  it  is 
in  the  smaU  one.  As  Stansfield'  has  pointed  out,  ''in  the  extreme 
case  of  a  smaU  furnace  constructed  as  an  exact  model  on  a  scale  of 
1  inch  to  the  foot  of  a  large  furnace,  the  heat  loss  for  each  cubic  inch 
of  the  model  would  be  144  times  as  great  as  from  the  large  furnace, 
provided,  of  coiurse,  that  both  attained  the  same  temperature.  In 
other  words,  if  the  furnaces  were  merely  being  kept  hot,  no  work 
being  done  in  them,  the  smaU  furnace  would  need  144  times  as  much 
heat  per  cubic  inch  as  the  larger  furnace  in  order  to  keep  it  heated 
to  the  same  temperature." 

In  some  electric-furnace  processes,  as  making  carborundum  by  the 
Acheson  furnace,  it  is  possible  to  develop  the  heat  within  the  charge 
being  heated  and  to  interpose  between  the  hot  inner  part  of  the  charge 
and  the  exterior  walls  of  the  furnace  enough  charge  to  prevent  the 
exterior  walls  from  being  heated.  Generally  such  processes  are  not 
continuous  and  the  outside  of  the  charge  is  not  attacked.  Naturally 
the  ideal  condition  in  electric-furnace  work  is  to  have  the  process 
continuous,  with  the  cold  charge  advancing  from  the  cold  exterior 
part  of  the  furnace  to  the  hot  interior  part.  In  this  way,  of  course, 
the  heat  radiating  from  the  center  of  the  furnace  is  absorbed  by  the 
cold  charge  advancing  toward  the  center  and  is  not  lost,  as  it  is  when 
it  is  dissipated  through  the  furnace  walls  by  conduction  and  radiation. 
There  are  mechanical  difficulties  that  interfere  with  the  successful  ac- 
complishment of  such  a  scheme,  but  the  nearer  it  can  be  approached 
the  greater  will  be  the  efficiency  of  the  furnace  and  the  process. 

EIjECTRODES. 

Electrodes  serve  to  carry  current  into  furnaces  in  which  electrical 
energy  is  converted  in  part  to  heat  energy,  and  as  the  electrodes 
are  the  only  avenue  through  which  current  is  introduced  into  the 
charges,  it  is  important  that  they  should  neither  contaminate  the 
charges  nor  cause  undue  waste  of  energy.  They  are  made  in  various 
shapes  and  sizes  to  suit  particular  conditions,  but  the  essential 
properties  are  common  to  aU. 

An  electrode  should  possess  high  electrical  and  low  thermal  con- 
ductivity. It  should  be  resistant  to  atmospheric  oxidation  and 
capable  of  withstanding  handling  and  temperature  changes  without 
danger  of  breakage. 

a  Staiisflekl,  A.,  The  electric  furnace,  1007,  p.  58. 
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Electrodes  for  use  in  electric  furnaces  are  commonly  divided  into 
two  classes,  carbon  and  graphite  electrodes.  Metallic  electrodes  are 
employed  in  rare  instances. 

Carbon  electrodes  are  made  from  such  materials  as  petroleum 
coke  (the  ultimate  residue  in  the  distillation  of  petroleum),  retort 
carbon  (a  pure  form  of  carbon  deposited  in  coal-gas  retorts),  and 
anthracite.  

TJBE  OF  ELBCTBODES. 


The  process  of  manufacture  is  simple.  The  material  is  highly 
heated  in  a  retort  to  remove  volatile  matter,  pulverized,  mixed  witli 
a  binder,  formed  in  a  press,  and  baked  in  a  kiln.  Graphite  electrodes 
are  simply  amorphous-carbon  electrodes  that  have  been  artificially 
graphitized  in  an  electric  furnace,  and  are  thus  a  product  of  the  elec- 
tric furnace.  Many  of  the  difficulties  and  annoyances  in  the  opera- 
tion of  large  electric  furnaces  were  until  recently  due  to  the  breaking 
of  poor  electrodes.  To-day  strong  electrodes  may  be  had  24  inches 
in  diameter,  whereas  only  a  few  years  ago  none  over  12  inches  had 
the  required  strength. 


CABBON  COMPABED  WITH  GBAFHITB  ELBCTBODES. 

There  is  no  simple  arbitrary  rule  by  which  to  determine  whether  a 
carbon  or  a  graphite  electrode  is  the  more  suitable  for  any  furnace. 
It  is  generally  conceded  that  the  graphite  is  more  resistant  to  chemi- 
cal action,  and  in  particular  to  atmospheric  oxidation.  Moissan 
determined  the  temperature  at  which  various  forms  of  carbon  begin 
to  oxidize.  According  to  him,  amorphous  carbon  begins  to  oxidize 
at  a  temperature  as  low  as  375°  to  490**  C,  and  graphite  does  not 
oxidize  appreciably  below  665**  to  690**  C.  In  practice,  however,  it 
is  less  apparent  that  graphite  is  inherently  superior  to  carbon  elec- 
trodes as  regards  oxidation.  That  the  carbon  electrode  has  the  lower 
heat  conductivity  has  been  established  by  various  workers  in  both 
experiment  and  practice.  According  to  Wolgodine^s"  research,  the 
comparative  conductivities  of  graphite  and  carbon  expressed  as 
temperatm-e  drop  in  centigrade  degrees  per  kilowatt  flow  per  square 
foot  through  a  1-inch  thickness  of  material,  are  as  follows:  Graphite 
electrode,  2.3;  carbon  electrode,  4.7. 

BNEBGY  LOSS  IN  ELBOTBODES. 

The  total  energy  loss  in  electrodes  is  the  sum  of  the  loss  due  to  the 
resistance  offered  to  the  passage  of  the  ciurent  and  the  loss  by  con- 
duction of  heat  away  from  the  interior  of  the  furnace.  This  amounts 
to  about  8  per  cent  of  the  total  input,  and  when  cooling  water  is  used 
this  may  account  for  another  3  per  cent.    The  net  efficiency  of  an 

a  Wolgodine,  S.,  and  Queneau,  A.  L.,  Conductivity,  porosity,  and  gas  permeability  of  rebaotory  inate- 
^:  Electrocliem.  and  Met.  Ind.,  vol.  1, 1909,  p.  383. 
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electrode,  therefore,  concerns  both  its  electrical  and  its  thermal 
conductivities.  The  electrode  efficiency  is  consequently  a  physical 
characteristic  for  any  electrode  material,  but  varies  in  accordance 
with  the  relative  importance  of  the  electrical  and  thermal  factors 
when  the  quality  of  the  current  impressed  is  varied. 

EFFIOIBNOY  OF  ELBCTBODES. 

In  general;  the  net  efficiency  is  increased  by  producing  the  necessary 
wattage  with  as  low  a  current  and  as  high  a  voltage  as  possible.  The 
difference  in  net  efficiency  of  carbon  and  graphite  electrodes  need 
be  only  a  few  per  cent.  As  graphite  is  a  better  conductor  of  elec- 
tricity than  carbon,  the  C^R  loss  ((7=  capacity;  i2= resistance)  is  less 
in  a  graphite  electrode  than  in  a  carbon  electrode.  The  conductivity 
of  graphite  is  usually  taken  as  being  f  om*  times  that  of  carbon. 

OONDXTOTIVITY  OF  ELECTBODES. 

The  conductivity  increases  with  increasing  temperature.  Misselt* 
estimates  that  in  general  the  thermal  conductivity  of  insulating 
materials  decreases  at  the  rate  of  1/273  part  for  each  degree  above 
0*^  C.  Small  electrodes  can  be  loaded  more  than  large  ones,  possibly 
owing  to  the  greater  closeness  with  which  the  particles  are  packed. 
In  view  of  this  fact,  modem  factories  have  adopted  increasingly  larger 
presses  in  order  to  reduce  this  discrepancy  and  improve  the  larger 
sizes.  Again,  for  the  same  composition,  the  specific  resistance  of 
round  electrodes  is  much  less  than  that  of  those  with  square  cross 
sections.  As  to  the  ultimate  sizes  that  can  be  produced,  little  can  be 
said.  As  before  stated,  although  the  largest  electrodes  of  sound 
quality  formerly  on  the  market  were  12  inches  in  diameter,  it  is  now 
possible  to  get  iJiem  up  to  24  inches  without  difficulty.  Nevertheless, 
as  has  been  pointed  out  by  one  writer  on  this  subject,  it  may  be 
doubted  whether  sizes  will  go  on  increasing,  for  the  specific  conduc- 
tivity as  well  as  the  mechanical  strength  tends  to  decrease,  whereas 
the  difficulties  in  handling  increase.  Attempts  have  been  made  to 
increase  the  conductivity  of  electrodes  by  introducing  metals,  such  as 
pure  iron,  with  the  carbon  material  while  it  is  being  molded.  It  is 
stated  that  the  resistance  thus  formed  can  easily  be  reduced  to  one- 
half  the  ordinary  value  with  comparatively  little  metal. 

ESSENTIALS  IN  XTSE  AND  DESIGN  OF  FUBNACB  ELBCTBODES. 

As  stated  by  Bering,*  the  laws  of  electrode  losses  are : 
1.  The  combined  loss  through  the  cold  end  of  an  electrode  is 
equivalent  to  the  siun  of  the  loss  by  heat  conduction  alone  (when 

a  Misselt,  Wichelto,  Zeitschr.  Ver.  dent  Ing.,  June,  1908,  p.  90. 

&  Hering,  C,  Laws  of  electrode  losses  in  the  electric  furnace:  Electrochem.  and  Met.  Ind.,  vol.  7, 1909, 
pp.  442, 514. 
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there  is  no  current)  and  half  the  PR  loss  (/=rate  of  flow;  i2= resist- 
ance). 

2.  This  combined  loss  will  be  least  when  the  loss  by  heat  conduction 
alone  is  made  equal  to  half  the  PR  loss;  the  total  loss  will  then  be 
equal  to  the  PR  loss,  and  no  heat  will  be  conducted  from  the  interior 
of  the  furnace. 

3.  This  minJTnum  loss  is  dependent  only  on  the  material,  current^ 
and  temperature,  but  not  on  the  absolute  dimensions;  it  merely 
fixes  the  relation  of  the  cross  section  to  the  length,  but  leaves  a  choioe 
of  either;  hence 

4.  For  economy  of  electrode  material  the  electrode  should  be  made 
as  short  as  practical  considerations  permit. 

5.  For  each  material  there  is  a  definite  minimum  loss  of  electrode 
voltage  which  depends  only  on  the  temperatiu*e  and  is  independent 
of  the  dimensions  or  the  normal  current  for  which  the  furnace  is 
designed;  hence 

6.  The  best  possible  electrode  efficiency  for  any  material  may  be 
determined  from  the  total  voltage  of  the  furnace  and  this  minimum 
voltage  due  to  the  material  and  the  temperature,  and  is  independent 
of  the  dimensions. 

7.  The  temperatures  indicated  by  the  heat  gradient  of  the  com- 
bined flow  are  equal  to  the  sums  of  those  of  the  individual  flows. 

The  proof  of  these  laws  is  given  in  a  paper  by  Bering  on  "Laws  of 
Electrode  Losses  in  Electric  Furnaces"'  and  need  not  be  repeated 
here. 

The  fundamental  principle  involved  is  the  one  Hering  announced 
in  1909,  namely,  that  no  heat  should  leave  or  enter  the  furnace 
through  the  electrode,  or,  in  other  words,  that  the  heat  generated  by 
the  electrical  resistance  shall  raise  the  temperature  of  the  hot  end  to 
that  of  the  furnace;  it  is  shown  that  imder  the  given  conditions  this  is 
ako  the  condition  of  least  total  loss. 

WATTAGE  AS  A  MEASURE  OF  FLOW  OF  HEAT. 

Before  giving  the  formulas,  Hering  explained  that  it  simplifies  such 
calculations  greatly  to  represent  and  measure  a  flow  of  heat  in  terms 
of  the  electric  xmit,  the  watt,  instead  of  in  calories  per  second.  He 
stated  that  a  watt  is  just  as  correct  a  measure  of  a  flow  of  current  of 
heat  (calories  per  second)  as  an  ampere  is  of  the  flow  of  electric  cur- 
rent (coulombs  per  second).  Heat  is  a  form  of  energy,  and  the  rate 
of  flow  of  heat  p/er  second  is  power,  hence  it  is  measurable  in  units  of 
power,  such  as  watts.  Since  Hering  called  attention  to  this  point 
others  have  endeavored  to  improve  matters  by  calling  this  unit 
'^  watt-seconds  per  second,'^  but  this  cumbersome  name  is  entirely 
imnecessary  and  obsciu'es  rather  than  simplifies  one's  conceptions. 

a  Horing,  C,  Timof .  Am.  Etootroohem.  Soc.,  vcd.  16, 1909,  p.  306. 
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It  is  evident  that  watts  X  seconds  -^  seconds  =>  watts.  When  the  heat 
conductivity  of  a  material  is  given  as  10  watts  for  an  inch  cube,  it  sim- 
ply means  that  with  a  1^  C.  difference  of  temperature  between  two 
parallel  sides,  and  perfect  heat  insulation  on  the  other  four,  the  same 
amount  of  energy  will  flow  through  as  heat,  say  into  water  at  the  cold 
end,  as  would  enter  the  water  from  a  coil  of  resistance  wire  in  which 
10  watts  were  being  set  free. 

For  these  reasons,  in  the  following  discussion,  quoted  from  Hering  '^ 
all  flows  of  heat  are  represented  in  watts.  Hering  recommends  that 
all  thermal  constants  pertaining  to  electrodes  be  given  in  terms  of 
watts  instead  of  calories  per  second.  The  conversion  factors  are: 
Gram-calories  per  second  x  4.18617  =»  watts,  and  watts  x  0.238882  =« 
gram-calories  per  second.     The  abstract  from  Hering  follows: 

FORMUIJk.S. 

The  value  of  the  symbolB  used  in  the  following  formulas  are  the  same  whether  inches 
or  centimeters  are  used,  providing  they  are  employed  consistently  throughout,  includ- 
ing aU  those  constants  which  are  based  on  dimensions,  and  which  of  course  will  be  differ^ 
ent;  those  like  the  electrode  voltage  or  watts  per  ampere  are,  of  course,  the  same  in 
both  systems.  All  of  the  formulas  in  which  the  following  symbols  are  used  are  in  terms 
of  actual  units  and  may  therefore  be  used  directly  in  practice. 
Let  S=^cToeB  section  in  square  inches. 

£=length  in  inches  (the  essential  length). 
J=currentin  amperes. 

Tr=watts  generated  electrically  in  the  electrode. 
J7=sheat  flow  in  watts  idiich  would  flow  if  there  were  no  current. 
As=heat  flow  in  watts  idiich  enters  the  hot  end  from  the  furnace. 
Xssheat  flow  in  watts  leaving  the  cold  end. 

Ts  temperature  drop  in  centigrade  degrees  between  the  hot  and  cold  ends, 
fselectrical  resistivity  in  ohms,  inch  cube  units. 
ib=thermal  conductivity  in  watt,  inch  cube  units, 
^selectrode  voltage  in  volts. 

£=>total  voltage  between  the  two  ends,  or  the  watts  per  ampere, 
f  ssspecific  cross  section  in  square  inches. 

iS'^asection  in  square  inches  per  ampere  per  inch  of  length  (or  in  square  centi- 
meters per  ampere  per  centimeter  length  if  the  other  quantities  are  in 
terms  of  centimeters). 

DBTEBBONATION  OF  PROPER  SIZE  OF  ELECTRODES. 

The  underl3ring  feature  is  that  the  electrode  shall  not  chill  the  furnace  nor  develop 
a  hig^  temperature  point  within  the  walls  at  which  the  temperature  is  greater  than  in 
the  furnace.  Hence  the  hot-end  temperature  should  be  as  nearly  as  practicable  equal 
to  that  of  the  furnace. 

The  current  and  furnace  temperature  are  always  given  in  the  specifications.  The 
material  and  either  the  length  or  the  section  (but  not  both)  may  also  be  specified,  but 
preferably  all  three  should  be  left  to  the  designer.  The  voltage  and  loss  can  not  be 
specified,  as  they  are  determined  by  the  current,  temperature,  and  material. 

Hie  length  (that  is,  the  essential  length,  not  including  additions  to  either  or  both 
ends  for  other  purposes  than  to  get  the  energy  through  the  walls)  may  be  determined 
solely  by  the  thickness  of  the  furnace  walls;  but  as  this  affects  the  cross  section,  some 

a  Hering,  C,  loe.  oit. 
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latitude  should  be  left  in  case  the  corresponding  section  is  found  to  be  too  laige  or  too 
small  to  be  practicable. 

Hie  section  in  square  inches  is  then  determined  at  once  by  multipljdng  the  proper 
temperature  value  of  i$^  from  the  table  ['' constants  for  calculating  electrodes"]  by  the 
cunent  in  anq>eres  and  by  the  length  in  inches.  Formula:  S=IL8^.  If  this  is  too 
laige  or  too  small  to  be  practicable,  the  length  may  be  changed  and  the  section  may 
be  redetermined.  The  quotient  of  the  section  divided  by  the  length  is  a  constant  for 
any  specified  conditions  (numerically  equal  to  S^  from  the  table  multiplied  by  the 
cunent),  hence  they  may  both  be  increased  or  decreased  in  the  same  proportion. 

Should  this  table  of  values  not  be  available  and  the  specific  section  be  known,  for- 
mula S^ILb^  Tshould  be  used  for  calculating  the  section .    If  this  is  also  not  known, 

then  use  the  conductivities  in  the  formula  S=IL^r-%-2kT.  Great  accuracy  is  not  nec- 
essary when  one  is  near  the  correct  result,  as  an  error  in  section  near  that  point  pro- 
duces a  r^tively  much  smaller  error  in  the  loss. 

The  loss  in  the  electrode  in  watts  is  entirely  independent  of  the  section  or  length 
adopted,  provided  only  that  their  quotient  is  approximately  as  above.  It  is  calcu- 
lated in  watts  by  multiplying  the  corresponding  temperature  value  of  ^  in  the  table 
by  the  current  (formula  mX=IE).  If  this  table  is  not  available,  we  may  use  the  elec- 
trode voltage  in  the  last  part  of  formula  7nX=^2H=  W=Lj2krT'-Ie^'T.  If  this  is  not 
available  either,  then  use  the  conductivities  in  the  preceding  expression  of  this 
formula.    Tliis  loss  is  for  one  electrode  and  it  is  the  least  possible  under  those  condi- 

tiODS. 

Constants  for  calculating  electrodes. 


Tempem- 
tore. 

E. 
(Watts  per  ampere.) 

8'. 

(Square  inches  per  ampere 

per  inch  length.) 

8'. 
(Square  centimeters  per  ampere 
per  centimeter  lenirth.) 

•c. 

•F. 
752 

Car- 
bon. 

LOO 

Gra- 
phite. 

Iron. 

Cop- 
per. 

Car- 
bon. 

Gra- 
phite. 

Iron. 

Cop- 
per. 

Car- 
bon. 

Gra- 
phite. 

Iron. 

Copper. 

400 

0.85 

0.145 

0.095 

0.00165 

0.00040 

0.000103 

0.000016 

a0042 

a  00100 

0.00026 

0.000041 

eoo 

1,112 

1.38 

L04 

.225 

.140 

.00114 

.00031 

.000102 

.000015 

.0029 

.00078 

.00026 

.000037 

800 

1,472 

1.68 

L19 

.295 

.184 

.00090 

.00027 

.000101 

.000014 

.0023 

.00066 

.00025 

.000036 

1,000 

1  832 

L03 

L32 

.350 

.226 

.00076 

.00024 

.000098 

.000014 

.0020 

.00061 

.00025 

.000036 

1,200 

2.192 

2.15 

L43 

.410 

.270 

.00060 

.00022 

.000094 

.000014 

.0018 

.00056 

.00024 

.000035 

1,400 

2,552 

2.36 

L52 

.460 

.310 

.00062 

•  \^^9^nJ 

.000092 

.000014 

.0016 

.00051 

.00023 

.000035 

1,600 

2,912 

2.53 

L62 

.510 

.351 

.00057 

.00019 

.000089 

.000014 

.0014 

.00048 

.00023 

.000036 

1,800 

3,272 

2.68 

L71 

.565 

.391 

.00053 

.00018 

.000087 

.000014 

.0013 

.00046 

.00022 

.000035 

3,000 

3.632 

2.83 

L79 

.610 

.430 

.00049 

.00017 

.000085 

.000014 

.0012 

.00044 

.00021 

.000085 

When  the  current  for  a  furnace  varies  appreciably,  the  calculations  must  of  comBe 
be  made  for  some  assumed  normal  value,  remembering  that  whenever  it  is  lees  than 
that  the  electrode  will  chill  the  furnace  more  or  less;  and  whenever  it  is  greater  the 
electrode  wiU  get  hotter  within  the  walls  and  in  both  cases  the  total  loss  will  be 
greater. 

In  operating  a  furnace,  if  the  electrode  is  found  to  chill  the  product  it  is  either  too 
short  or  too  large  in  section.  If,  on  the  other  hand,  it  is  found  to  produce  excessive 
temperatures  within  the  walls,  it  is  too  long  or  too  small  in  section.  The  cunent 
density  is  not  a  determining  fB/ct/or. 

The  hotter  the  outside  terminal  is  allowed  to  get,  the  smaller  the  loss,  but  the 
larger  the  section  or  shorter  the  electrode. 

When  the  proportions  turn  out  to  be  laige  in  section  and  short  in  length  the  relative 
proportions  may  be  improved  by  increasing  both  length  and  section.  On  the  other 
hand,  if  the  electrode  is  abnormally  long  and  small  in  section  (as  for  instance  with  iron 
or  copper  and  small  currents),  then  if  the  section  can  not  be  made  smalls,  there  seems 
to  be  nothing  left  to  do  except  to  sacrifice  some  of  the  loss  by  mn-lring  the  electrode 
shorter  and  it  wiU  then  chill  the  furnace  more  or  less. 


DESIGN  AKD  COKSTBUCTION  OF  BLBCTBIC  FUBNACES. 


47 


The  additional  lengths  of  the  electrode  neceesary  for  the  terminals,  for  feeding,  or 
for  the  distribution  of  the  current  in  the  inside,  must  be  calculated  separately;  as 
they  are  determined  by  entirely  different  laws  and  conditions;  the  above  refers  only 
to  the  essential  part  which  is  necessary  to  get  the  current  into  and  out  of  the  furnace 
as  well  as  possible.  The  above  length  must,  therefore,  never  include  the  long  exter- 
nal part  outside  the  furnace  for  feeding  purposes.  Such  a  part  radiates  heat  to  the 
air,  and  ther^ore  follows  entirely  different  laws  of  proportions.  A  redeeming  feature 
of  such  a  case  is  that  the  outside  temperature  used  to  determine  the  proportions  of 
the  essential  part,  may  be  allowed  to  be  very  high,  probably  limited  chiefly  by  oxida- 
tion, thereby  reducing  the  total  loss  which  has  been  increased  by  the  long  external 
part. 

FBOFEB  OONSTRUCnON  OF  ELECTBODE   HOLDEBS. 
HBAT  SOCKETS  AND  CLAMPS. 

When  the  current  is  fed  into  the  end  of  the  electrodes,  as  in  some 
carbide  and  ferro-alloy  furnaces,  the  connections  are  applied  by 
means  of  heat  sockets  whereby  they  are  frequently  attached  once 
for    all.     The    other 
method     is     to     use 
clamps  which  permit 
the    electrode   to   be 
passed  through  them, 
their  clutches    being 
merely  pressed  tightly 
against    the    smooth 
hard     furnace     elec- 
trode. 

The  latter  is  pre- 
ferred as  a  means  of 
conducting  the  cur- 
rent to  the  electrode, 
owing  to  the  fact  that 
thus  it  is  possible  to  place  the  ''electrode  holders"  immediately  on 
the  roof  of  the  furnace  and  keep  them  stationary.  This  arrangement 
permits  the  introduction  of  the  current  as  close  as  possible  to  the  end 
of  the  electrode  where  it  enters  the  charge,  so  that  less  energy  is  spent 
in  overcoming  the  resistance  of  the  electrodes  themselves  than  when 
the  current  is  introduced  at  the  end  of  the  electrode.  The  connec- 
tion between  the  cables  and  bus  bars  carrying  the  current  to  the 
furnace,  and  the  electrodes,  which,  as  before  stated,  serve  to  carry 
the  current  into  the  furnace,  is  made  by  electrode  holders.  These 
holders  for  convenience  may  be  divided  into  two  classes,  namely,  top 
holders  and  side  holders. 

TOP  HOLDERS. 

With  top  holders  the  current  is  introduced  at  the  top  of  the  elec- 
trode through  a  holder  such  as  is  shown  in  figure  14.  The  holder  at- 
tached to  the  end  of  the  electrodes  is  also  shown  in  figure  15;  and. 


FiGUBB  14.— TroUh&ttan  electrode  before  and  after  use. 

of  holder. 


Old  type 
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as  will  be  noted  by  reference  to  the  figure,  the  same  contact  surface 
is  maintained  between  the  holder  and  the  electrode  until  the  electrode 
is  used  up.  Top  holders  are  generally  used  in  open-top  furnaces, 
such  as  the  ferrosilicon  and  carbide  furnaces,  and  in  all  furnaces  in 
which  a  frequent  raising  and  lowering  of  the  electrode  is  necessary. 
If  the  electrode  as  a  whole  is  subjected  to  erosion  from  any  cause,  it  is 
then  practically  necessary  to  use  a  top  holder,  owing  to  the  fact  that 
the  uneven  surface  produced  by  the  erosion  would  prevent  a  quick 
and  effective  fitting  of  the  electrode  holder  to  the  electrode,  espe- 
cially after  the  electrode  became  hot,  and  the  proper  contact  between 
the  holder  and  the  electrode  is,  as  can  be  readily  understood,  of  great 
importance. 

SmS  HOLDERS. 

Side  holders  are  generally  used  on  closed-top  furnaces  or  on  con- 
structions in  which  the  electrode  above  the  holder  will  not  be  sub- 
jected to  sufficient  heat  to  bring  about  its  oxidation  and  thus  cause 
it  to  have  an  irregular  surface.  Electrodes  used  with  side  holders 
must  be  of  fairly  uniform  dimensions.  For  this  reason,  graphite  elec- 
trodes are  better  adapted  for  use  for  side  holders  than  are  amorphous- 
carbon  electrodes,  as  they  are  more  easily  machined.  This  is  espe- 
cially true  where  it  is  desired  to  keep  the  top  of  the  furnace  not 
only  closed  but  tight,  as  for  example  in  the  Swedish  and  California 
types  of  iron  reduction  furnaces.  In  these  types  of  furnaces  the 
electrode  holder  is  placed  on  the  roof  of  the  crucible,  for  in  this 
way  the  current  is  conducted  into  the  electrode  at  a  point  where 
it  will  have  the  shortest  distance  to  travel  before  it  reaches  the 
point  where  it  does  its  work,  and  in  this  way  the  electric- 
energy  loss  that  may  be  due  to  the  resistance  of  the  electrode  is 
reduced.  Then,  too,  it  is  to  be  remembered  that  the  ohmic  resistance 
of  carbon  decreases  with  increasing  temperature,  and  as  the  hottest 
part  of  the  electrode  will  be  that  part  that  extends  down  into  the 
furnace,  the  ohmic  resistance  of  the  electrode  is  reduced  to  a  minimum 
by  getting  the  holder  as  near  the  hot  end  of  the  electrode  as  possible. 
The  side  holder  permits  of  the  joining  of  one  electrode  to  the  other 
without  the  removal  of  the  holder,  an  arrangement  that  is,  of  course, 
decidedly  advantageous. 

ESSENTIAL  DETAILS  OV  HOLDBR8. 

In  the  construction  of  electrode  holders  all  ciurent-carrying  parts 
are  usually  of  copper  or  bronze,  the  main  posts  and  supports  being 
of  steel.  A  current  density  of  from  19  to  30  amperes  per  square  inch 
is  xisually  adopted  for  the  current-carrying  contact  parts,  the  lower 
limit  being  preferred. 

As  before  stated,  the  surface  condition  of  the  electrode  is  of  the 
Teatest  importance,  so  far  as  the  making  of  a  good  contact  between 


DESIGN  AND  CONSTRUCTION  OP  ELECTRIC  FURNACES. 


49 


the  holder  and  the  electrode  is  concerned.  If  the  contact  is  not  a 
good  one  the  holder  becomes  hot  and  may  even  be  ruined.  On  small 
furnaces  not  equipped  with  water-cooled  holders  it  is  especially  neces- 
sary to  have  a  good  contact  between  the  holder  and  the  electrode, 
and  so  elastic  layers  of  copper  netting,  thin  iron  sheets,  or  something 
of  the  kind,  is  used  to  insure  a  good  contact.  Efficiency,  of  course, 
demands  a  good  contact  between  the  electrode  and  the  holder,  even 
if  the  holder  be  water-cooled,  for  although  the  water  cooling  may 
prevent  the  holder  from  becoming  excessively  hot,  the  heat  developed 
is  at  the  expense  of  electrical  energy,  and  is  simply  carried  away  by 
the  cooling  water  without  having  done  useful  work.  Then,  too,  a 
bad  contact  is  likely  to  cause  the  electrode  itself  to  become  red-hot 
adjacent  to  the  holder,  and  thus  cause  a  serious  deterioration  of  the 
electrode,  due  to  burning;  and  the  excessive  heat  from  the  electrode 
may  cause  a  water-cooled  electrode  holder  to  crack  or  break,  and  because, 
as  before  stated,  ohmic  resistance  decreases  with  increasing  tempera- 
ture, the  flow  of  current 
will  be  greatest  through 
the  hot  part  of  the  elec- 
trode and  will  cause  this 
hot  part  to  become  still 
hotter. 

As  illustrating  the  im- 
portance of  using  the  best 
type  of  electrode  holder 
possible,  the  following 
figures  are  taken  from  an 
article  that  appeared  in  ^'Stahlund  Eisen,''"  a  translation  of  which 
has  been  published  in  MetaUiu'gical  and  Chemical  Engineering. 

In  a  large  plant  producing  4,000  tons  of  ferro-aUoys  per  year  the  cost  of  {oaintenance 
of  the  holders  was  marks  6.40  ($1 .60)  per  ton  of  metal  produced,  or  marks  25,600  ($6,400) 
per  year.  By  using  an  improved  holder  this  cost  was  reduced  to  marks  1.60  (10.40) 
per  ton,  saving  marks  19,200  ($4,800)  annually.  The  consumption  of  electrodes  was 
also  reduced,  resulting  in  an  additional  saving  of  marks  12,800  ($3,200).  The  total 
saving  due  to  the  use  of  an  improved  holder  was,  therefore,  marks  32,000  ($8,000),  or 
marks  8  ($2)  per  ton  of  product. 

SPECIALLY  SHAPED  ELECTRODES. 

Owing  to  the  fact  that  it  is  important  to  effect  the  proper  contact 
between  the  electrode  holder  and  the  electrode,  it  was  rather  common 
practice  to  shape  the  ends  of  the  electrodes  to  fit  the  holders,  espe- 
cially where  top  holders  were  used,  and  as  good  amorphous  carbon 
is  generally  diflBcult  to  machine  properly,  the  particular  shape  desired 
was  given  to  the  electrode  before  baking.  Some  of  these  special 
shapes  are  shown  in  figure  15. 

a  Anon.,  Die  Eleotrodenfessnngen  be!  Electrodfen:  Stahl  und  Eiaen,  vol.  33, 1913,  pp.  472-478,  55&- 
661.  Translated  by  Kennelly,  A.  E.,  Electiode-holder  constroction  for  electric  furnaces:  Met.  and 
Chem.  Eng.,  vol.  11,  June,  1913,  p.  321. 
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FiGUBE  15.— Specially  shaped  electrodes  for  electric  furnaces. 
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TYPES  OP  TOP  HOLDERS. 

The  subject  of  electrode  holders  has  been  discussed  in  ''Stahl  und 
Eisen/'^  and  a  translation  of  the  article  has  been  published  in 
Metallurgical  and  Chemical  Engineering.*  The  following  lengthy 
quotation  from  this  translation  is  given  here: 

In  carbide  plants  the  connection  shown  in  ^gure  16  was  formerly  often  used,  con- 
sisting of  two  solid  V-shaped  cast-iron  clamps  a,  tightened  by  bolts  bj  and  connected 

to  the  cables  by  means  of  necks  c  and  pressure 
plates  d.  This  solid  electrode  holder  never  proved 
satisfactory.  When  the  electrode  became  short 
the  holder  as  well  as  the  electrode  became  hot  and 
the  cast-iron  pieces  often  melted.  Later  on,  a  cool- 
ing device  was  combined  with  this  construction,  as 
shown  in  figures  17  and  18. 

Figure  19  shows  a  connection  that  has  proved 
satis&u^tory  in  a  carbide  furnace.  The  head  of  the 
electrode  is  dovetailed  and  clamped  between  two 
cast-iron  plates  b  by  means  of  two  weights  a.  The 
whole  apparatus  is  supported  by  an  iron  structure 
which  itself  hangs  on  an  electrically  iilsulated 
hook.  Copper  plates  d,  e,  and /serve  to  make  con- 
tact at  h  with  the  flexible  laminated  ribbons  g,  carry- 
ing the  current.  The  mechanical  suspension  is 
independent  of  the  electric  connection,  and  the 
weight  of  the  electrode  tends  to  tighten  the  contact 
between  copper  plates  and  electzode  head.  An 
electrode  equipped  with  this  holder  can  be  put 
into  service  very  quickly  by  hooking  into  the 
chain  of  the  windlass  and  making  contact  at  h. 

The  holder  shown  in  figure  20  has  been  successful 
in  the  manufacture  of  ferro-alloys.  The  electrode 
consists  of  four  carbon  blocks  embedded  in  a 
tamped  carbon  mixture.  Two  opposite  sur&ces  of 
the  same  block  have  dovetailed  recesses  in  order 
to  clamp  the  copper  plates  a  by  means  of  the  screw 
bolts  b  and  the  plates  c.  This  holder  is  simply 
connec  ted  to  the  plates  d  of  the  ciuren  t  load  e.  The 
plates  a  preferably  consist  of  copper,  the  plates  c  of  steel  casting,  the  pressure  screws 
of  iron  with  square  threads,  and  the  plates  d  of  bronze  or  of  cast  iron  containing 
manganese. 

If  the  surface  of  the  dovetails  is  not  smooth  enough  to  secure  a  good  contact,  the 
heating  at  the  contact  will  be  avoided  by  putting  a  cushion  of  very  fine  strands  of  a 
copper  cable  between  the  carbon  and  the  copper  plate.  Under  the  pressure  of  the 
screws  this  cushion  of  about  0.5  cm.  (i^  inch)  thickness  is  pressed  into  the  rough  spots 
of  the  carbon  and  secures  the  passage  of  the  electric  current  under  favorable  conditions. 
When  the  electrode  butts  are  to  be  utilized  down  to  a  length  of  50  cm.  (20  inches)  it 
becomes  necessary  to  cool  the  parts  artificially  to  prevent  the  holder  from  being 
destroyed  by  the  heat  of  the  furnace.  Figure  21  shows  the  copper  plates  of  the  current 
lead  being  wedged  to  the  carbon  by  means  of  water-cooled  channels,  a,  open  at  the 
top.    This  design  has  given  good  results,  especially  in  furnaces  with  an  open  hearth. 


FxouKK  16.— Holder  fonserly  used  with 
carbide  f umaoea. 


«  Anon.,  Die  BlectrodenfUBon^en  bel  Electiodfen:  Stahl  und  Eiaen,  vol.  33, 1913,  pp.  472-478,  £55^661. 
ft  IflBua  of  Jime,  1913,  pp.  321-324. 
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The  holder  shown  in  figure  22  is  good  for  cylindrical  electrodes.  The  flexible  leads 
are  fastened  to  a  bronze  piece,  a,  of  special  form.    This  piece  is  fastened  to  the  carbon 

by  an  electrically  insulated 
ring  and  has  a  contact  surface 
machined  on  the  lathe.  The 
holder  itself  ia  a  box,  c,  sur- 
rounding the  head  of  the  elec- 
trode and  pressed  to  the  piece 
a  by  the  screws  b.  After  loos- 
ening the  screws  b,  the  pieces 
a  and  c  can  be  taken  apart  by 
a  quarter  turn.  The  piece  e, 
which  is  protected  by  the  iron 
sheet  df  is  put  on  top  of  the 
electrode,  and  bronze,  e,  is 
poiured  into  the  free  space  be- 
tween the  box  and  the  carbon 
and  on  top  of  the  electrode. 

The  weight  of  the  electrode 
produces  an  excellent  contact 
between  the  bronze  and  the 
walls  of  c.  The  holder  is 
cooled  with  water  which 
enters  through  /,  and  drops 
through  the  central  overflow 
pipe  onto  the  top  of  the  elec- 
trode; the  admission  of  water 
is  regulated  to  make  up  for 
evaporation. 

Figure  23  shows  a  holder 
cooled  by  water  imder  pres- 
sure. The  ring-shaped  piece 
a  is  hollow  in  the  center,  the 
water  circulating  thiou^  h. 
Copper  sheets,  c,  serving  both 
as  mechanical  suspension  of 
the  electrode  and  as  current 
leads,  are  pressed  against  the 
electrodes  with  cast-iron  or 
bronze  wedges,  d.  The  wedges 
have  regulating  screws,  and 
piece  a  is  held  by  four  pres- 
sure screws. 

While  an  intimate  contact 
is  hard  to  make  between  a  car- 
bon electrode  and  the  cable,  it 
is  easily  obtainable  between 
the  cable  and  a  metallic  elec- 
trode by  screwing  the  pole 
shoe  at  the  end  of  the  cable 

Fiouwc  18.-Electrode  holder  with  another  type  of  cooling  device.    ^  ^^®  electrode.    The  contact 

surfetces  of  the  pole  shoe  and 
of  the  electrode  can  be  ground  into  each  other,  which  warrants  a  good  contact  on  the 
entire  surface.    As  it  is  hardly  ever  possible  to  get  the  Burface  of  a  nonmetallic  electrode 
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perfectly  plane  there  will  slvaya  be  a  certain  contact  resisbuice  and  evolution  of  heat 
and  it  may  be  neceonry  to  remove  this  obnoxioufl  heat  of  the  contacts  by  special  con- 
tact«ooling  devices. 

llie  Westdeulsche  Thomas  Fhoapbatiretke  have  a  German  patent  (No.  207,341)  for 
the  construction  shown  in  figure  24.  The  square-shaped  electrodes  a  have  a  leceos  on 
top,  and  a  copper  cap  e  is  dumped  over  this  head.  In  order  to  make  good  contact  where 
the  surfaces  do  not  touch  each  other,  the  cap  is  filled  with  liquid  aluminum  or  another 
metal  of  high  ntelting  point,  and  while  the  aluminum  (or  other  metal)  ia  still  liquid  a 


ot  alcctrode  bolder  I 


red-hot  wiought^^iron  ring  e  is  shrunk  around  the  copper  cap.  By  the  simultaneous 
gradual  cooling  of  the  aluminum  and  the  iron  ring  a  very  close  contact  is  produced 
between  the  copper  cap,  the  aluminum  layer,  and  the  top  of  the  electrode. 

Omtact  reaUrtancea  can  not  show  up  any  more.  The  pole  shoe/,  the  screws  g,  the 
hoops  I,  and  the  cable  ends  can  be  seen  from  the  figure.  As  no  soldering  is  required 
in  this  design,  an  important  source  of  trouble  is  eliminated. 

With  the  patterns  of  holders  described  so  laz,  the  remaining  butt  oi  the  electrode, 
which  is  about  60  cm.  (20  inches)  long  in  furnaces  with  an  open  hearth,  ia  not  used. 
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FlODBK  30.— AnotlMr  t]ppt  «l  clMtrnds  holdar  ntbtaeWOr 
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la  fumacee  with  arches,  as  for  inBtance,  in  electric  steel  furnaces,  the  diacard  is  laiger, 
leaving  a  butt  of  about  90  cm.  (36  inches),  tritichineaiiathatoiily  about  one-half  of  the 
electrode  can  be  used. 


In  order  to  utilize  completely  the  electrode  material,  movable  holders  are  employed 
which  allow  the  electrodes  to  elide  through .    The  electrode  is  not  held  on  ooe  end,  but 


\ 


7 


FiilDKi  n.— W>tcr«ool»d  •ItctnidB  holdar. 

somewhere  between  its  two  ends  connection  is  made  to  the  cable;  when  a  piec«  of 
electrode  is  used  up,  another  piece  of  carbon  is  added  to  the  previous  piece,  and  the 
bolder  raised  accordingly. 

Figure  26  represents  this  type  of  connection  in  a  deugn  proposed  by  Louis.    The 
electrode  is  held  between  two  hollow  pieces  of  motal)  a,  which  form  a  pair  of  tonga. 
47000°— Bull.  77—14 6 
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The  tonga  on  presed  against  the  electiodes  by  the  screw  b.  When  the  lower  part  of 
the  electrode  is  consumed,  it  can  be  fed  downward  for  the  desired  length.  The  cable 
is  fastened  at  c;  the  beet  way  of  cooling  the  piecee  a  and  the  contact  is  by  uteans  of 
water  under  pressure. 


FiOiTBi  a.— noMei  for  roiuid  tkctrode. 

Figure  26  shows  another  longs  design  for  »  combined  electrode  of  several  blocks. 
The  carbon  blocks  are  pressed  by  steel  levers  by  means  of  the  screws  a  against  the 
central  piece  of  bronce,  which  serves  as  suspension  and  cuirent  lead. 

Figure  27  shows  a  similar  design  in  which  adjustable  wedgee  an  emi^oyed  which  uq 
vater  cooled. 
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I^e  holdera  of  moet  electric  oleel  fumaceB  are  built  for  complete  cotmunptiim  of  the 
electrode  mftteriat  sad  have  been  repeatedly  shown  to  out  readen. 

In  the  H^ult  funuwe  each  electiode  is  held  by  a  bracket  from  a  vertical  rack,  which 
ii  moved  up  and  down  by  gear  and  pinion.  Each  carbon  is  nurounded  by  a  band  of 
metal,  pieces  of  copper  being  inserted,  which  carry  the  current  from  the  cables. 

Figures  28  and  29  show  various  constructions  used  by  the  Aktiibolaget  Elektrometall 
Ludwika,  and  by  Nathusius. 


PraUBE  13.— Electrode  bolder  cooled  with  vatei  aaHtr  pnsiuni. 


(  XLECTRODE  BBAD8. 

Keller's  method  of  inserting  the  metallic  conductor  into  the  head  of  the  electrode 
gives  satiakctory  results.  This  method  has  beea  known  for  some  time.  With  unall 
electrodes  the  connection  to  the  current  leada  is  obtained  by  means  of  metallic  plates 
between  the  conductor  and  the  carbon.  But  too  close  a  tightening  of  the  bolls  often 
causes  the  electrode  to  crack  whereas  otherwise  the  contact  may  be  poor. 

Figure  30  shows  an  electrode  connection  often  used  for  the  manufacture  of  aluminum. 
The  end  of  a  flat  piece  of  iron  is  upset  in  the  shape  of  a  fishtail  and  then  molded  in  to  the 
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electrode.  Planta  who  mauuhctuFs  their  own  electrodes  inaert  this  coiuector  befoie 
baking,  whereas  those  who  buy  them  baked  foaten  the  metal  with  a  graphite  mortar  or 
hy  pouring  liquid  bronze  into  the  hole. 

Figiue  31  shows  a  connection  made  by  a  screw  bolt.  A  thread  is  made  in  the  end  of 
the  electrode,  and  an  iron  rod,  threaded  atone  end,  is  fastened  in  the  same.  A  mantle 
of  bronze  or  aluminum  bronze  forms  contact  at  both  ends  and  secures  the  passage  of 
current.  Four  or  six  of  these  electrodes  are  sometimes  combined  in  aluminum  fumacee, 
as  shown  in  figure  32. 

A  connection  of  Dr.  Leasing,  of  Nuremberg  (German  patent  211,273),  is  shown  in 
figure  33.  It  conaiats  of  a  piece  of  iron  molded  with  the  electrode  which  has  square- 
shaped  thieads  of  such  an  ai^Ie  that  the  distance  6  between  the  threads  is  considerably 
laiger  than  their  thickness  a.  This  bolt 
can  be  removed  from  the  carbon  before 
baking  without  deslroyii^  the  threads  in 
the  latter.  The  iron  piece  d  connects 
with  the  threaded  bolt  c.  By  screwing 
the  bolt  into  the  carbon  and  securing  it  by 
a  countemut,  e,  an  excellent  contact  ia 
obtained. 

Keller  allows  the  metallic  conductor  a 
certain  play,  the  lower  end  being  tapered 
thicker  into  the  hollow  top  of  the  carbon 
(German  patent  218054;  fig.  34).  Liquid 
metal,  copper  or  pig  iron,  is  then  poured 
into  the  space  left  in  between.  This 
produces  a  mechanically  and  electrically  ' 
reliable  contact.  No  jaws,  wedges,  or 
screws  are  required  to  make  or  improve 
the  contact.  The  interior  of  the  metallic 
conductor  is  intensely  watet-cooled  in 
order  to  utilize  as  much  length  of  the  elec- 
trode as  poeeible.  The  metal  has  to  be 
poured  carefully  into  the  open  gap 
between  conductor  and  carbon.  The 
cavity  in  the  electrode  is  first  heated  by 
a  piece  of  red-hot  iron,  the  preheated 
currant  conductor  is  then  introduced  and 
kept  about  5  mm.  (0.2  inch)  distant  from 
the  bottom  of  the  cavity  by  a  small,  hard 
body.  Very  hot  bronee  or  cast  iron  ia 
then  poured  in. 

Although  the  metal  shrinks  a  little,  it 
makes  an  intimate  contact.  The  effect  of 
shrinkage  can  be  ontiraly  overcome  by  casting  about  30  grams  of  tin  around  the  con- 
tact metal  after  it  has  cooled.  If  the  contact  should  not  be  perfect,  it  heats  up  when 
the  electrode  is  put  to  use,  the  tin  melts  and  flows  into  the  interstices  and  makes  a 
perfect  contact.  The  costs  of  this  method  are  said  to  be  low.  The  contact  metal  and 
the  tin  can  be  recovered  after  the  electrode  has  been  consumed. 

This  type  of  connection  is  mechanically  strong,  and  its  electrical  resistance  is  low. 
As  the  cooling  effect  reaches  clear  down  into  the  bottom  of  the  cavity  in  the  electrode, 
the  contact  will  not  soften,  even  when  it  is  heated  by  the  proximity  of  the  aic.  The 
electrode  can,  therefore,  he  introduced  through  the  roof  of  the  furnace  and  be  used  up 
to  an  extremely  small  rest  piece.    As  no  part  of  the  metallic  conductor  is  wider  than 


PioiTKi  24.— Elecmde bolderoa 


I  la  Otrmaoj. 
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the  electrode,  it  can  pan  through  the  same  openii^  which  fits  cloeely  around  the  carbon 
and  can  be  packed  in  firebrick  up  to  the  diameter  of  the  electrode.  This  method  is 
ntisbctory  for  single  electrodes,  as  well  as  for  bundles  of  them. 


2S.-  KtM'trode  boUfr  w 


ovBble  contact. 


The  advantagea  of  Keller'fl  connection  are: 

1.  It  avoids  all  intermediary  contacts  between  the  current  cable  and  the  carbon. 

2.  It  avoids  all  parts  extending  beyond  the  area  of  the  electrode,  and  has  no  brack- 
ets, screw  bolts,  wedges,  etc.,  which  are  liable  to  deteriorate  and  cause  a  high  main- 
tenance coat. 
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3.  It  requires  no  finishing  of  the  electrode  surfaces  or  of  the  metallic  conductor. 
There  is  even  a  certaiji  advantage  in  leaving  the  walls  of  the  cavity  roughly  finished, 
as  it  impiovee  the  contact  surbeeB  and  the  meclwnica]  strength  of  the  joint. 

4.  The  electrical  contact  is  perfect,  as  the  liquid  metal  fills  all  the  free  spaces. 

5.  The  mechanical  connection  is  strong  and  fool-proof,  even  when  the  ca^n  is 
almost  used  up. 

e.  The  cost  of  maintenance  is  low. 

7.  The  electrode  can  be  used  down  to  helow  25  mm.  (lees  than  1  inch)  length,  which 
.  dispenses  with  the  cumberaome  joining  of  electrodes. 

A  practical  elastic  connection  between  the  electrode  and  the  current  leads  is  used 
by  Keller  with  the  above-mentioned  electrodee  (German  patent  104897).  The  mic- 
cesnve  up-and-down  movement  of  the  electrodee  requires  flexible  leads  between  the 
conductor  and  the  carbons.  Sometimes  an  elastic  cable  of  sufficient  length  serves 
this  purpose.  This,  however,  is  subject  to  considerable  wear  and  tear,  takes  much 
apace,  and  is  cumbetBome 
for  melting  furnaces  with 
vertical  electrodes,  espe- 
cially so  when  they  lead  the 
current  in  and  out,  so  that 
there  is  the  danger  ot  short 
circuit. 

Keller  avoids  these  diffi- 
culties by  using  thin  and 
very  flexible  leaf  springs  of 
copper,  for  example,  0.5mm. 
(20  mils)  thick,  bundled 
into  two  symmetrically  ar- 
ranged bundles  and  held 
together  at  seveial  points  by 
rings.  Each  side  of  the 
electric  holder  has  a  guiding 
rod,  which  causes  the  leaf 
springs  to  be  compressed  or 
opened  in  vertical  direction 
when  the  electrodes  move 
down  and  up.  The  shape 
of  the  leaves  is  determined  by  the  distance  of  the  rings,  which  moke  knots  when  tike 
springs  are  deflected  or  stretched. 

If  the  lengths  of  the  single-leaf  springs  are  somewhat  different  from  each  other,  the 
elasticity  of  each  spring  is  used  with  beet  efficiency.  Here  is  no  danger  of  a  short 
circuit,  and  the  elastic  connection  is  not  exposed  to  the  flames  of  the  furnace.  This 
construction  has  given  excellent  service,  and  is  used  in  electiic  furnaces  of  various 
types  and  employed  for  a  variety  of  purposes. 


FMinic  ZA.— Boldtr  loi 


gk  slaiTtToda. 


BLECTBOnB 


>  KUBCTHODB  BDNDU8. 


The  beet  crosB-aection  of  electrodes  u  one  of  the  most  important  questions  for  the 
consumer.  Above  all,  it  is  determined  by  the  current  density  ot  the  electrode. 
Experience  is  so  far  the  only  guide.  A  number  of  important  papeie  on  this  subject 
have  been  published  or  reviewed  in  Metallurgical  and  Chemical  Engineering.  No 
^neral  formula  which  would  be  valid  for  all  cases  has  yet  been  found  tor  the  calcnla- 
on  of  this  section.  In  general,  a  good  electrical  and  a  poor  thermal  conductivity  of 
*>  electrode  ore  desirable  to  reduce  the  voltage  drop  and  development  of  beat  by  the 
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joulean  effect,  and  bo  prevent  any  appreciable  loaa  of  h««t  through  the  electnxles. 
Much  ■ystemstic  work  remains  to  be  done  to  find  the  best  conditions  for  improving  the 
heat  balance  of  furnaces  in  special  cases.  In  view  of  the  fact  that  the  thermal  effi- 
ciency of  the  electric  arc  furnace  is  50  per 
cent  or  soore,  these  energy  lones  through  the 
electrodM  are  of  minor  importance.o 

The  current  density  of  electrodes  depends 
on  the  sectional  area.  It  has  been  proven 
that  round  electrodes  of  from  70  to  100 
mm.  (2.8  to  4  inches)  diameter,  as  used, 
lor  instance,  in  the  Stasmno  furnace,  can 
aury  20  to  26  amperee  per  square  cend- 
meter  (129  to  161  amperes  per  square 
inch).  6 

Larger  sections  are  used  in  the  electric 
st«el  fumacee  of  H^roult,  Girod,  Keller, 
etc.  They  can  not  carry  any  such  current 
dennty.  TTp  to  a  section  of  400  by  400  mm. 
(10  by  16  inches)  5  amperes  per  squora 
centimeter  (32  amperes  |>er  square  inch) 
are  allowed  with  -a  temporary  overload  of  6 
to  7.6  amperes  per  square  centimeter  (30  to 
48  amperes  per  square  inch). 

The  large  diSerencee  in  the  current- 
carrying  capacity  of  electrodes  of  difler- 
ent  section  are  partly  due  to  the  thermal 
and  electrical  condilionB  mentioned  above. 
Most  of  the  commercial  electrodes  are 
made  in  presses.  The  capacity  of  the 
press  is  limited  by  its  dimenrions  and  de- 
sign, and  it  seems  likely  that  the  smaller 
sections  of  electrodes  produced  under  a 
higher  pressore  have  a  denser  structure. 
From  this  it  would  seem  that  the  current- 
carrying  capacity  of  the  electrode  is  dei 
termined  by  the  pre^ng  capacity  of  the 
machines. 

The  area  of  surbce  exposed  to  the  coaling 
effect  and  the  resistance  of  the  electrode 
play,  no  doubt,  an  important  part  in  these 
considerationB. 

It  is  noteworthy,  however,  how  small  the 
diSerencee  in  the  physical  constants  of  small 
and  large  electrodes  really  are.    Forthe  identical  carbon  mixture 
ing  values: 

Bin  of  electtode. 

60  mm.(3iinches)round. 

300  by  300  mm.  (llf  by 

11|  inches)  square. 

•  Tha  ravlswB' of  IhJg  irtkla  It 
wtth  the  ilaMmnit  ftbovs  mada. 

t  ThararievtrilatM  that  gnphllealactrodas  are  used  In  thtnhimaces,  andaocooDttn  the  rsmarkabl* 
dUrenuH  (nun  tha  Scum  iItbi  Imnwdlalilr  atts  fur  tlia  ■ladTlii  itMl  foriBces  of  HAoolI,  Qlrod. 


BpecUkin 

43  to  50  ohms. 

65  to  68' ohms. 


[otUfleulon  dI  bolder  lor  bl 


SpedfloKnTltr. 
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The  consumer  of  electrodes  is  amdous  to  reduce  the  voltage  diop  by  increasiiig  the 
Baction  of  the  electrode.  Tlie  tdze  of  section  u  limited  hj  the  design  of  the  funiAr« 
tad  by  the  facilities  of  the  electrode  manufacturer.  Recently  much  piogrees  has 
been  made  so  that  square  electrodes  of  560  by  6S0  mm.  (21.6  by  21.6  inches)  section 
ftnd  round  onee  of  625  mm.  (26  inches)  diuneter  cui  now  be  bought  from  the  leading 
factories. 

These  large  sectiona  naturally  involve  some  disadvanlagee.  The  cuirent'canTing 
capacity  is  reduced,  the  mechanical  strength  decreaeee  with  increasing  section,  and 

the  weight  of  a  single 
electrode  reaches  a  con- 
siderable figure.  In  caae 
of  a  broken  electrode 
very  heavy  piecee  might 
have  to  be  removed 
from  a  steel  bath  and  an 
entire  heat  might  be  lost 
by  carburization  or  by 
cooling  off. 

The  carbide  industry, 
in  which  large  amounta 
of  energy  had  to  be 
handled  at  an  early  date 
had  previously  chosen  m 
different  way  to  over- 
come the  above  difficul- 
ties. Six  or  eight  or 
other  numbers  of  smaller 
electrodes  were  com- 
bined into  one  package 
or  bundle  and  lowered 
by  means  of  cranes  into 
the  furnace.  The  axe 
of  the  individual  elec- 
trode is  often  chosen  aa 
250  by  360  mm.  (10  by 
14  inches).  The  elec- 
trode pack^ee,  as  illus- 
trated in  figures  10,  20, 
and  46,  leave  an  unused 
butt. 

The  amount  of  these 
butts  is  kept  at  a  mini- 
mum by  the  use  of 
proper  water-cooled 
holders,  and  whatever 
remains  is  used  ia  the  carbide  furnaces  for  patching  the  hearth. 

The  electric  pig-iron  furnace  in  Dommarfvet  used  three  electrodes,  each  composed 
of  two  individiul  carbons;  the  over-all  section  was  660  by  330  mm.  (26  by  13  inches). 
In  TrollhUtan  o  each  electrode  conmsts  of  four  pieces  of  2  inm.  (0.79  inch)  length  and 
330  by  330  mm.  (13  by  13  inches)  section,  giving  a  section  of  660  by  660  mm.  (26  by  26 
inches)  over  all. 

a  Thb  pnctlra  li  no  kotsr  iDllowcd  U  TraUblltin,  round  etoctrodH  hnlnc  uvd. 
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The  combining  of  amallei  pieces  offers  tiie  additional  advantage  that  the  individual 
electrode  has  a  higher  canenb-cariTitig  capacity  and  that  conaiderable  loeeee  of  energy 
are  avoided. 

Attempts  have  been  made  to  Increase  the  conductivity  of  the  electrode,  for  the 
flake  of  decreasing  the  section,  by  providing  a  metallic  core.    H^roult  suggested  as 


^ 


PioCBB  30.— KlactrDde  irlth  Inm  ooonectloii  In 


ecD-ode  holdei  used  b;  Natbiulos.      FiacRi  31.— Scnw-baltatectrodeooDnectlini. 


early  as  1892,  in  United  States  Patent  473117,  to  bore  holes  through  tha  electrodes 
and  fill  these  with  aluminum  alloys  or  silicon  alloys. 

The  Planiawerke  in  Rutibor,  Germany,  improve  the  conductivity  and  mechanical 
strength  by  melal  fillets  introduced  before  or  after  the  bating  of  the  electrodes. 
(Norwegian  Patent  21366,  1910.)    The  melting  or  volatiliEation  point  of  the  metal 
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'  Hhould  be  below  the  reacdon  temperature  ot  the  fiuna^^e.  Heasurements  ■how  that 
the  leaiBtance  of  such  electrodes  "reinforced"  by  a  metallic  core  can  be  reduced  to 
at  least  one-half  of  the  original  with  a  comparatively  small  cross  Bection  of  the  core. 

The  process  is  particularly  intended  for  use  with  lather  long  continuously  ted 
electrodes.    Certain  alloys  can  be  introduced  into  the  steel  by  using  same  as  the  core. 


FintiHE  33.— CDmbbutkniollDur 


Fiaoat  34.— Electiodt  i 


FIOIJBB33.— ElKtrodaoamwrllanimd  br 


According  to  Perkins  a  tube  of  the  carbon  or  iron  can  be  filled  witli  lime,  iron  oxide, 
or  othw  slag-forming  nwterials  and  thus  deliver  the  very  liquid  refining  slag  at  the 
Hotleat  point  of  the  bath. 

Figure  35  shows  the  form  of  electrode  bolder  used  in  the  Stassano 
~Dace. 


DESIGN  AND  CONSTBUCTION  OF  ELECTRIC  PUBNACES. 
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JOINING  OF  ELECTRODES. 

Owing  to  the  fact  that  the  item  ''cost  of  electrodes  per  ton  of 
metal  produced"  or  ''per  poimd  of  metal  produced"  is  excessive  if 
the  electrode  is  rejected  as  soon  as  it  becomes  too  short  to  permit 
further  use,  as  is  the  used  electrode  shown  in  figure  15,  numerous 
methods  have  been  devised  for  joining  electrodes  together  so  as  to 
permit  continuous  feeding.    This  is  generally  done  in  one*  of  three 


SBOnON  SHOWING 
CONSTRUCTION  OF  WATER 
JACKET  FRONT 


PiQUBB  35.— Electrode  holder  used  In  Stassano  furnace. 

ways  (fig.  36),  namely,  (1)  by  means  of  a  nipple  molded  with  a  screw 
thread,  and  made  out  of  the  same  material  as  the  electrode;  (2)  by 
means  of  a  cylindrical  threaded  plug,  which  is  screwed  equal  distances 
into  the  ends  of  the  two  electrodes  to  be  joined;  or  (3)  by  means  of  a 
threaded  male  and  female  joint. 

Fitzgerald  ^  states  that  as  a  result  of  numerous  experiments  it 
was  foimd  that  the  joint  best  suited  to  the  average  fiunace  needs  is 

a  Fltxgerald,  F.  A.  O.,  Hinkley,  A.  T.,  Experiments  with  furnace  electrodes:  Trans.  Am.  Electro- 
chem.  Boo.,  rol.  23, 1913,  p.  333. 
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made  by  using  a  threaded  plug,  in  the  manner  stated  second  above 
and  that  a  shallow  rounded  thread  proves  better  than  a  pointed  one 
or  even  a  truncated  one,  as  there  is  less  tendency  to  breakage  during 
assembling. 

ELXCTBICAIi   LOBS  AT  lOINTB. 

A  certain  loss  of  voltage  takes  place  at  these  joints.    "This  loss 
has  been  found  to  be  2  to  2.5  volts  for  square  dectrodes  of  280  to  330 
millimeters  (11  to  12  inches)  side  length  with  a  current  density  of  5 
amperes  per  square  centimeter  (32,25  amperes  per  square  inch).     This 
would  mean  a  drop  of  4  to  5  volts  for  an  electric  steel  furnace  with 
two  arcs  in  series,  or  a  loss  of  16  to  20  kilowatte  for  a  500~ldlowatt 
load,  which  represents  3.5  to  4  per  cent  of  the  total  energy.""    Such 
beii^  the  case,  the  saving 
in  electrode  material  and 
time  by  joining  electrodes 
together  has  to  be  bal- 
anced against  this  loss. 

The  reason  for  this  loss 
of  voltage  at  the  joints  is 
due  to  the  fact  tbat  if 
the  electrode  be  joined 
by  means  of  a  threaded 
joint,  as  shown  in  figure 
36,  there  is  liable  to  be 
good  contact  only  be- 
tween the  threaded  parta 
(a  and  e)  of  the  elec- 
FiQin«3«.-TiinetrpM<.i  (tetrode  joiotj.  trodes,  whereas  the  sur- 

faces of  the  ends  of  the 
electrodes  do  not  come  in  contact  with  each  other  at  all.  On  this 
account,  the  current  is  all  crowded  on  to  that  part  of  the  electrode 
carrying  the  male  thread  a,  a  condition  that  not  only  gives  rise  to 
the  loss  above  mentioned,  but  causes  the  electrode  to  become  so 
overheated  at  this  spot  as  to  cause  it  to  go  to  pieces.  It  has  been 
suggested  that  with  electrodes  of  amorphous  carbon  this  difficulty 
might  be  overcome  by  joining  the  electrodes  together  by  a  graphite 
dowel,  as  also  shown  in  figure  36.  As  the  conductivity  of  graphite 
is  about  four  times  that  of  amorphous  carbon,  the  graphite  dowel 
could  be  made  of  such  a  size  as  to  readily  carry  the  full  amount  of 
current  carried  by  the  carbon  electrode,  and  in  this  way  the  loss 
above  referred  to  would  be  reduced  to  a  minimum. 

3,  p.  4M. 
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In  this  connectioii  the  article^  mentioiied  above  may  well  be 
quoted,  as  follows: 

It  has  also  been  propoeed  to  make  these  connectiiig  studs  from  metal.  This,  how- 
ever, would  defeat  the  special  purpose  of  these  studs.  They  would  melt  and  vola- 
tilize and  not  fill  their  purpose,  since  their  object  is  to  use  the  last  piece  of  the  elec- 
trode. This  latter  aim  is  completely  reached  by  a  joint  containing  small  particles  of 
metal  embedded  in  carbon. 

The  disadvantages  of  this  method  are  as  follows: 

1.  The  manufacture  of  the  accurate  inner  thread  and  nipples  and  other  shapes 
increases  the  cost  of  the  electrode  construction. 

2.  The  contact  resistance  causes  losses  of  energy. 

3.  The  joint  is  apt  to  loosen  and  to  increase  these  losses  or  the  end  of  the  electrode 
in  the  furnace  may  drop  off,  causing  short  circuits  or  other  troubles;  too  tight  a  joint 
might  result  in  a  breaking  of  the  two  carbon  pieces.  (Borchers,  Elektrische  Oefen, 
2d  ed.,  p.  143.) 

These  difficulties  are  unknown  in  the  use  of  electrodes  which  are  not  joined  together; 
it  is  mainly  a  matter  of  calculation  whether  to  join  electrodes  or  not,  and  the  cost  of 
power,  the  cost  of  electrodes,  and  their  length  will  decide  which  of  the  two  methods 
should  be  used  in  any  case.  In  cases  in  which  the  furnace  and  the  holder  allow  the 
use  of  the  electrode  down  to  but  a  small  stump  it  will  be  in  many  cases  more  advisable 
not  to  join  the  electrodes. 

The  rate  at  which  electrodes  are  consumed  depends  largely  upon 
(1)  whether  they  are  exposed  to  the  action  of  an  oxidizing  atmos- 
phere, and  (2)  the  natiu*e  of  the  charge,  or  of  the  material  that  is 
being  heated  in  the  furnace. 

COST  OF  EliECTRIC  POWER. 

Naturally,  all  other  conditions  being  favorable,  the  use  of  the  elec- 
tric furnace  in  the  smelting  of  ore  and  the  production  of  metals  and 
ferro-alloys  will  depend  largely  upon  the  cost  of  electric  power. 

HYDBOBLECTBIO  POWEB. 

Ordinarily  one  thinks  of  electricity  as  being  most  easily  developed 
by  water  power.  In  a  way  this  is  true,  but  as  to  whether  power  can 
be  as  easily  and  cheaply  produced  in  this  manner  as  by  steam  or  gas 
will  of  course  depend  on  the  initial  cost  of  installation,  which,  in 
tiuny  depends,  among  other  things,  upon  the  following: 

1.  The  mean  average  flow  of  water  for  12  months. 

2.  Whether  expensive  reservoirs  have  to  be  constructed. 

3.  Whether  these  reservoirs  are  situated  a  long  distance  from  the 
site  of  the  power  plant,  thus  necessitating  the  construction  of  long 
ditches,  flimies,  tunnels,  or  pipe  lines. 

4.  Whether  expensive  dams  have  to  be  constructed. 

In  all  the  forms  of  water  power  that  are  available,  either  one  or  all 
of  the  above-mentioned  prerequisites  have  to  be  given  serious  con- 

a  Anon.,  Die  Elektrodeniiassnngen  bei  Elektro6fen:  Stahl  nnd  Eisen:  vol.  33, 1913,  p.  472.    Translated 
by  Kennelly,  A.  E.,  Met.  and  Chem.  Eng.,  vol.  11, 1913,  p.  324. 
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sideration,  although  the  cost  of  installation  may  be  as  low  as  $48 
per  kilowatt  or  as  high  as  $400.  As  shown  in  the  accompanying 
table  (p.  70),  the  cost  of  hydroelectric  power  to  the  consumer  may 
vary  from  $5  to  $60  per  kilowatt-year,  depending  largely  on  loc^ 
conditions. 


POWBB  PBODUOBD  BY  OA8  BNOINB8  AND  STBAH  TUBBINBS. 

Of  late  years  a  great  deal  has  been  written  regarding  the  production 
of  cheap  electric  power  by  generators  driven  by  gas  engines.  Although 
power  can  be  produced  cheaply  by  such  generators  when  waste  gases 
from  a  blast  fiunace  are  utilized,  yet  if  coal  be  burned  in  gas  pro- 
ducers to  produce  the  necessary  gas,  even  though  the  coal  used  be  of 
inferior  quality,  and  by-products  ar^  recovered,  the  cost  of  electric 
power  made  in  this  way  is  rather  likely  to  be  more  than  what  is  gen- 
erally supposed  to  be  the  cost  when  gas  engines  are  used  for  driving 
the  generators. 

With  the  introduction  of  steam  turbines  of  high  efficiency  the  cost 
of  electric  power  has  been  much  reduced  dining  recent  years.  From 
the  figures  in  the  two  tables  following,  which  were  kindly  supplied  to 
the  Bureau  of  Mines  by  a  reliable  engineering  firm,  it  seems  that  with 
large  units  the  cost  per  kilowatt-hour  is  less  for  a  turbine-driven 
generator  plant  than  for  a  gas-engine  plant. 

Plants  driven  by  producer  gas  from  bitiuninous  coal  and  turbine 
plants  of  2,000  kilowatts,  4,000  kilowatts,  6,000  kilowatts,  8,000 
kilowatts,  and  10,000  kilowatts  normal  capacity  are  considered  in 
these  tables.  In  each  plant  all  imits  are  of  uniform  size.  The  data 
are  given  on  the  basis  of  a  75  per  cent  load  factor.  The  maximum 
size  of  the  gas  engines  covered  is  2,000  kilowatts;  hence  corresponding 
data  are  given  for  turbines.  Power-plant  cost  includes  everything 
from  real  estate  up  to  complete  installation  of  all  auxiliaries.  The 
tables  follow. 

Cost  of  installation  of  steam-turbine  and  of  gas-engine  power  plants.^ 


Size  of 
plant. 

SiMOf 

units. 

Number 
of  units. 

Cost  per  kilowatt  of 
installing— 

Turbine. 

Qas  engine. 

KUowatU. 
3,000 
4,000 
6,000 
8,000 
10,000 

10,000 

KUowatU. 

500 

1,000 

3,000 

3,000 

3,000 

/       6,000 

\        2,000 

4 

4 
3 
4 

6 

1 

$83.00 
71.00 
67.00 
04.50 
63.50 

1       61.00 

$133.00 
115.00 
106.00 
104.00 
102.50 

3 

a  The  fixed  charges  for  each  tvpe  of  plant  were  as  follows:  Interest,  5  per  cent;  taxes  and  insurance,  3  per 
cent;  amortisation ,  3.5  per  cent;  total,  10.5  per  cent. 
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Operating  cost  of  gas-engine  and  of  sUamrturhine  power  planU. 

COST  ITEMS  FOR  GAS-ENGINE  PLANT.a 


SiMOf 
plant. 

Labor. 

Repairs 

and 
mainte- 
nance. 

Oi],wa8te, 

and 
supplies. 

Fael.» 

Total 

opefating 

cost. 

Fixed 
charges. 

TotaL 

KOouHUU. 
2,000 
4,000 
0,000 
8,000 
10,000 

aiQ3 
.145 
.130 
.124 
.123 

0.044 
.039 
.035 
.034 
.033 

0.082 
.029 
.000 
.025 
.025 

0.27 
.27 
.27 
.27 
.27 

0.609 
.483 
.401 
.453 
.451 

0.230 
.204 
.188 
.184 
.182 

a745 
.087 
.049 
.037 
.033 

COST  ITEMS  FOR  TURBINE  PLANT.a 


2,000 

a  100 

0.019 

0.020 

0.41 

0.555 

ai33 

0.088 

4,000 

.068 

.017 

.017 

.30 

.482 

.115 

.507 

0,000 

.072 

.017 

.014 

.338 

.441 

.108 

.549 

8,000 

.007 

.016 

.013 

.332 

.428 

.104 

.632 

e  10, 000 

.060 

.016 

.013 

.33 

.425 

.101 

.520 

<I10,000 

.064 

.0155 

.0125 

.323 

.415 

.099 

.514 

a  In  cents  per  kilowatt-hour. 

fr  At  S3  a  ton. 

e  Consisting  of  five  2,000-kilowatt  units. 

d  Consisting  of  one  0,000-kilowatt  unit  and  two  2/)00-kilowatt  units. 

In  considering  items  pertaining  to  the  two  1 0,000-kilowatt  turbine 
plants,  it  should  be  noticed  that  the  plant  with  the  larger  units  has 
lower  costs  for  each  item.  A  similar  arrangement  might  be  made 
for  the  other  turbine  plants,  with  a  decreased  cost  resulting;  for 
example,  the  plants  might  be  arranged  as  follows: 

2,000-kilowatt  plant  in  one  1,000-kilowatt  unit  and  two  500-kilo- 
watt  units. 

4,000-kilowatt  plant  in  one  2,000-kilowatt  unit  and  two  1,000-kilo- 
watt  units. 

6,000-kilowatt  plant  in  one  3,000-kilowatt,  one  2,000-kilowatt,  and 
one  1^000-kilowatt  unit. 

8,000-kilowatt  plant  in  one  4,000-kilowatt  unit  and  two  2,000-kilo- 
watt units. 

If  the  heating  value  of  the  coal  is  assumed  to  be  13,000  British 
thermal  units  per  poimd  for  all  prices  of  coal,  the  only  item  in  the 
operating  cost  aflFected  by  the  varying  price  would  be  fuel  cost.  For 
example,  in  a  4,000-kilowatt  turbine  plant  the  effect  of  varying  fuel 
prices  might  be  as  indicated  below: 


Cost  of  coal 
per  ton. 

II 

2 

3 

4 


Fuel  cost  per 
kilowatt-hour. 

10.12 

24 

36 

48 
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In  the  table  following  are  ^ven  some  approximate  cost  figures 
for  hydroelectric  power  when  used  for  electric  furnaces  or  electro- 
chemical purposes,  with  a  high  load  factor: 

Cost  of  electric  power  for  electric  furnaces  or  electrochemical  purposes  with  a  high-load 

factor. 


Location  of  plant. 


Braintree,  England . 


Sheffield,  England 

La  Prasy  Savole,  France. 


Livet,  ladre,  France. . . 
Ugine,  Savoie,  France. 


Bonn.  Qermany 

Remabeid,  Qermany 

Volklingen.  Qermany 

Meraker,  Norway 


Notodden.  Norway 

RJukan,  Norway 

Tyssedal,  Hordanger  .Nor- 
way. 

Lttan,  Sweden. . . , 


Sooth  Verron,Vt. 


Shelbame  Falls,  Mass . 
Turners  Falls,  Mass. . . 

Do 

Rumford  Falls.  Me. . . . 
Niagara  Falls,  U.  8.... 
Niagara  Falls,  Canada. 

South  Carolina 

South  Chicago,  HI 

South  Carolma 

Snake  River,  Idaho. . . 
Heroult,CaL 


Power  company. 


Lakes  &  EUiott  Steel 
Foundry. 

Municipal  System. 

Electrometailurgical  Co.  of 
France. 

Keller,  Leleux&Co 

Qirod  Electrometailurgi- 
cal Co. 

Municipal  System. 

Lindenoer  Steel  Co 

ROchltnglron  &  Steel  Co.. 

Meraker  Electric  Smelting 
Co. 

Norwegian  Saltpeter  Co... 

do 

Tyssedal  Power  Co. 


Royal  Power  Plant. 


Connecticut  River  Power 
Co. 

do 

Turner  Falls  Power  Co. . . 

do 

Rumford  Falls  Power  Co. 


Southern  Power  Co 

Illinois  Steel  Co 

Southern  Aluminum  Co. . . 
Southern  Idaho  Power  Co. 
Northern  California  Power 
Co. 


Nature  of  power. 


Qas  engine. 


Steam 

Hydroelectric. 


.do. 
.do. 


Steam. 

....do 

Steam,  eas — 
Hydroelectric. 


.do. 
.do. 
.do. 


do 

Water  and  steam.. 

Water  (secondary) 
Water  and  steam  . 
Water  (secondary) 

Hydroelectric 

do 

do 

do 

Steam,  gas 

Hydroelectric 

do 

do 


Cost  per 
kilowatt- 
year. 


1110 

87 
16 

13 
18 

92 

87 

83 

8 

7 

5 

10 

9  to  13 

53 

29 
60 
26 
26 
26 
20 
25 
43 
25 
12 
16 


Product  at  the 
present  time. 


Steel. 

Do. 
AlumintuD,    steel, 

carbide. 
Ferro-alloy. 
Ferro-alloy ,  steeL 

Steel. 
Do. 
Do. 
Ferro-alloys,    car- 
bide. 
Nitrates. 

Do. 
Carbide,   cyanam- 

ide. 
Iron,    sine,    ferro- 
alloy, paper. 
Qeneral. 

Do. 

Do. 

Do. 
Paper. 
EleotrochemlcaL 

Do. 
Nitrates. 
Steel. 

Aluminum. 
Qeneral. 
Pig  iron. 


OPERATING    CONDITIONS    OF    ELECTRIC    FURNACES. 

In  the  operation  of  an  electric  furnace  one  or  more  of  the  following 
conditions  may  be  encoimtered: 

A  high  enough  temperature  may  not  be  reached  in  consequence 
of  one  of  the  following  conditions: 

1.  The  furnace  may  be  "underpowered,"  that  is,  may  not  have 
enough  electric  ciurent  supplied  to  it,  and  this  in  turn  may  be  due 
to  lack  of  either  power-line  supply,  transformer  capacity,  or  insuf- 
ficient voltage. 

2.  The  material  to  be  treated  may  be  fed  too  rapidly. 

3.  The  radiation  losses  may  be  too  great.  ^^^, 

Then,  too,  the  temperature  may  be  too  high.    With  furnaces        J 
using  voltage  control  this  fault  may  be  remedied  by  cutting  down  ^'^^ 
the  voltage  of  the  current  used,  but  if  a  constant  voltage  be  used  and 
the  temperature  is  too  high  about  the  only  remedy  is  to  feed  in 
more  charge.     If  this  procedure  will  remedy  the  defect  it  indicates 
that  the  furnace  has  a  capacity  greater  than  that  which  has  been 
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calculated  for  it.  However,  an  ''overpowered"  furnace  is  generally 
short  lived,  as  the  walls  are  unable  to  conduct  the  heat  away  fast 
enough  to  prevent  their  destruction  through  fusion.  Then,  too,  as 
is  self-evident,  the  higher  the  temperature  the  greater  will  be  the 
heat  losses  through  the  furnace  walls  and  through  the  electrodes. 
Hence,  if  there  is  no  advantage  to  be  gained  from  a  temperatiu*e 
higher  than  is  needed  for  the  necessary  reactions  of  the  process,  it  can 
be  said  that  if  in  operating  an  electric  f  lunace  an  excessive  temperature 
is  obtained  an  error  has  been  made  in  calculating  the  size  of  the  fur- 
nace or  in  the  amoimt  of  energy  needed.  However,  as  is  also  self- 
evident  if  the  excess  heat  can  be  absorbed  by  a  faster  feeding  of  the 
material  to  be  smelted  the  heat  losses  per  poimd  of  material  smelted 
will  be  less,  for  the  heat  losses  through  the  electrodes  and  walls  are 
continuous,  and  hence  are  less  per  poimd  of  material  smelted  if  20 
poimds  be  treated  per  minute  than  if  only  10  poimds  be  treated. 

CONCLUSION. 

In  conclusion  the  authors  repeat  that  their  object  has  been  not  to 
present  a  technical  discussion  of  the  electric  fiunace,  but  to  acquaint 
the  layman,  so  to  speak,  with  some  of  the  most  important  essentials 
in  connection  with  the  use  and  construction  of  the  electric  furnace 
as  used  in  metallurgical  work  and  to  assist  those  who  are  unfamiliar 
with  the  subject  to  a  better  imderstanding  of  the  processes  described 
in  parts  IE  and  III  of  this  bulletin  and  in  Bulletin  67  on  ''Electric 
Furnaces  for  Making  Iron  and  Steel.'' 
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PART  II.  THE  SMELTING  OF  METALS  IN  THE  ELECTRIC 

FURNACE. 


By  Dorset  A.  Lyon  and  Robert  M.  Keenet. 


INTRODUCTION. 

The  object  of  Part  II  of  this  buUetm  is  to  present  briefly  a  state- 
ment of  the  extent  to  which  the  electric  furnace  has  been  applied 
to  the  metalliirgy  of  metals  when  the  product  is  in  the  form  of  the 
metal  and  not  of  a  ferro-alloy.  For  example,  the  metals  copper  and 
zinc  are  discussed  in  this  part  and  the  ferro-alloys,  such  as  f errochrome 
and  ferrotimgsten,  are  discussed  in  Part  UI.  No  attempt  is  made  to 
present  exhaustively  the  details  of  each  particular  process,  as  persons 
desiring  such  information  can  obtain  it  from  the  references  given. 

Under  this  part  there  is  discussed  the  electric  smelting  of  the  ores 

of  aluminum,  copper,  gold  and  silver,  iron,  lead,  complex  sulphides, 

and  zinc.    The  subject  of  iron  has  been  treated  briefly,  as  compared 

with  its  importance,  because  it  has  already  been  discussed  fully  in 

BuUetm  67.« 

ALUMINUM. 

INTBODXTCTXON. 

In  the  manufacture  of  aluminum  the  electric  furnace  has  a  field 
entirely  its  own,  for  there  is  no  process  by  which  alumina  is  reduced 
to  aluminum  in  a  combustion  furnace.  In  the  metallurgy  of  alumi- 
nmn,  as  stated  in  Part  I  of  this  bulletin,  the  electric  current  not  only 
supplies  the  necessary  heat,  but  also  reduces  the  metal  from  the  ore. 
The  first  application  of  electrolysis  to  the  reduction  of  aluminum 
was  in  1864  when  Bimsen  and  Deville,  each  working  independently, 
obtained  the  metal  by  the  electrolysis  of  fused  alumii\um  chloride.* 
Previous  to  the  introduction  of  the  present  method  the  aluminum 
was  obtained  chiefly  through  the  reduction  of  the  halide  salts  of  the 
metal  with  metallic  sodium. 

In  1884  the  Cowles  process  was  patented,  in  which  alumina 
was  reduced  with  carbon  in  the  presence  of  copper  in  an  electric  fur- 
nace of  the  resistance  type.    An  alloy*  of  aluminum  and  copper  was 

a  Lyon,  D.  A.,  and  Keeney,  R.  M.,  Electric  furnaces  for  making  iron  and  steel:  Boll.  07,  Bureau  d  MIdqs, 
1913, 142  pp.,  36  figs. 
b  Tliompson,  M.  D.,  Applied  electrochemistxy,  1911,  p.  228. 
e  U.  S.  patent  319796. 
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the  product.  It  was  known  then  that  alumina  could  be  reduced  to 
aluminum  as  a  result  of  being  heated  with  carbon  to  a  temperature 
higher  than  2,100^  C,  but  all  of  the  aluminum  formed  was  mixed 
with  aluminum  carbide,  from  which  it  was  removed  by  a  refining 
process.  In  the  Cowles  process  the  copper  was  used  to  prevent  the 
formation  of  aluminum  carbide,  but  of  course  the  process  had  the 
objection  that  the  aluminum  was  not  obtained  as  pure  metal  but  as 
an  alloy. 

In  1886  Hall'  foimd  that  alumina  dissolved  in  a  molten  mixture 
of  aluminum  fluoride  and  the  fluoride  of  another  metal  formed  an 
electrolyte  which  could  be  decomposed  by  the  electric  current  accord- 
ding  to  the  reaction  Al208=2Al+30.  About  the  same  time  that 
Hall  made  his  discovery,  H6roult  in  France  made  a  similar  independ- 
ent discovery. 

PBEBBQX7I8ITE8   FOB   THE    PBODUCTION   OF   ALX7MINUH  BY 

PBBSBNT  METHODS. 

Although  aluminum  is  one  of  the  most  abimdant  of  the  elements 
that  make  up  the  earth's  crust,  nevertheless  those  of  its  ores  that 
are  suited  to  the  process  of  aluminum  manufacture,  as  carried  on  at 
present,  are  comparatively  scarce.  About  the  only  one  now  used  for 
this  purpose  is  bauxite.  The  great  bulk  of  that  produced  in  the 
United  States  is  mined  in  Arkansas  and  Tennessee.  Phalen^  states 
that  some  bauxite  is  now  mined  in  central  Georgia. 


PBOCE8SE8  FOB  PT7BIFYINO 

As  all  the  impurities  in  the  alumina  pass  into  the  metal  produced, 
it  is  necessary  in  both  the  Hall  and  the  H6roult  processes  to  use 
alumina  as  pure  as  possible.  This  is  why  the  Bayer  process  foimd 
considerable  application  both  here  and  abroad  for  the  purification 
of  bauxite.  In  this  process  the  bauxite  is  fused  with  the  carbonate 
or  sulphate  of  sodimn  and  the  fused  mass  is  washed  with  water;  then 
the  sodium  alimiinate  obtained  in  solution  is  decomposed  by  adding 
aluminum  hydrate  and  constantly  stirring.  Bichards  ^  states  that 
the  decomposition  of  the  solution  goes  on  until  the  quantity  of 
altunina  remaining  in  solution  is  to  the  sodium  protoxide  as  1  to  6. 
This  precipitation  takes  place  in  the  cold,  and  the  pulverent  alimii- 
num  hydrate  separated  out  is  easily  soluble  in  adds.  The  alkaline 
solution  remaining  is  concentrated  by  evaporation,  taken  up  by 
ground  bauxite,  dried,  calcined,  melted,  and  thus  goes  through  the 
process  again. 

aU.  S.  patents  400664  and  400666. 

b  Phalen,  W.  C,  Bauxite  and  aluminum:  Mineral  Resources  U.  8.  for  1911,  U.  8.  OeoL  Survey,  1912,  p.  928. 

e  Ridiards,  J.  W.,  Aluminum,  Its  properties,  metallurgy,  and  alloys,  3d  ed.,  1896,  p.  144. 
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Hall  also  invented  and  patented  at  least  two  processes  for  this 
purpose,  including  the  lime  process  of  wet  chemical  treatment  (U.  S. 
patent  663167,  Dec.  4,  1900),  which  was  installed  at  East  St.  Louis, 
and  a  process  whereby  the  bauxite  is  mixed  with  a  small  percentage 
of  carbon  and  calcined,  and  after  calcination  is  again  mixed  with 
about  8  to  10  per  cent  of  carbon,  some  ferric  oxide,  possibly  some 
sort  of  a  flux  being  added.  The  impurities  such  as  iron  and  silicon 
are  reduced,  and  form  ferrosilicon  of  impure  grade,  which  sinks 
to  the  bottom  of  the  electric  fiunace,  leaving  the  purified  alumina 
at  the  top.  After  the  alumina  has  cooled,  it  is  separated  from  the 
ferrosilicon  by  electromagnetic  methods  if  necessary.  In  the  patent 
specification,  it  is  stated  that  aluminum  powder  is  also  added,  but 
this  is  not  now  thought  necessary.  In  England,  the  British  Alumi- 
num Co.  (Ltd.)  purify  bauxite  by  dissolving  it  in  caustic  soda  and 
then  precipitating  the  alxmiina  by  the  addition  of  some  previously 
precipitated  almnina.* 

HALL  PBOCESS  FOB  PBODUOINa  ALT7MINT7M. 

Although  more  than  20,000  tons  of  aluminum  is  produced  each  year 
in  the  electric  furnace,  little  published  information  is  available  con- 
cerning the  methods  of  manufacture,  as  all  manufacturers  try  to 
keep  their  processes  secret.  In  this  coimtry  practically  all  of  the 
aluminum  produced  is  obtained  by  the  use  of  the  Hall  process.  The 
essential  facts  regarding  this  process  are  as  follows:  The  ore  G>auxite) 
is  first  purified  by  being  treated  either  by  the  lime  process  or  the 
electric-furnace  process.  It  is  then  charged  into  an  electric  furnace 
containing  a  bath  of  cryolite  or  a  mixture  of  aluminum  fluoride  with 
the  fluoride  of  another  metal,  the  bath  being  kept  molten  by  the  heat 
generated  by  the  passage  of  the  electric  current.  The  alimiina  is 
thus  decomposed  into  aluminum  and  oxygen  by  the  electrolyzing 
action  of  the  direct  current.  A  concise  description  of  the  process 
used  in  practice  is  given  by  Neumann  and  Olsen^  from  whose  article 
the  following  information  is  quoted: 

A  photograph  of  an  aluminum  cell  has  been  published  only  once,  so  far  as  is  known, 
by  J.  W.  Richards ;<^  the  cell  shown  is  evidently  a  cell  of  Charles  M.  Hall,  as  used 
some  years  ago.  The  illustration  shows  20  round  anodes  in  two  parallel  rows  in  a  hig^ 
iron  box.  Quite  detailed  notes  illustrated  by  sectional  diagrams  were  also  given 
later  by  Winteler.<l  The  cells  described  by  Winteler  are  also  rectangu  lar,  and  are 
also  provided  with  a  double  row  of  carbon  electrodes.  More  recently,  circular  cells 
have  been  introduced,  the  anodes  being  distributed  over  the  whole  surface. 

a  Cachu,  WflUam,  London  Elec.  Rev.,  1911,  vol.  68,  p.  90. 

5  Neumann,  B.,  and  Olaen,  H.,  Production  of  altunlnum  as  a  laboratory  experiment:  Met.  and  Cbem. 
Eng.,  vol.  7, 1910,  p.  185. 
f  Electrochemical  Industry,  vol.  1, 1903,  p.  100. 
i  Winteler,  Aluminium  Industrie,  1903. 
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In  principle,  the  H^roult  process  is  the  same  as  the  Hall  process, 
the  reported  differences  being  in  the  composition  of  the  electrolyte 
and  possibly  in  the  shape  of  the  furnace.  In  fact,  the  two  processes 
are  so  similar  that  when  the  discovery  of  the  reaction  was  made  simul- 
taneously, there  was  no  patent  litigation,  but  the  Hall  Company  took 
the  American  field  and  the  Hfiroult  people  the  European,  a  condition 
that  was  maintained  until  recently,  when  the  last  of  the  Hall  and 
allied  patents  expired  in  the  United  States.  Now  the  H6roult  in- 
terests are  erecting  a  plant  in  North  Carolina. 

In  Europe  ^t  the  present  time  the  manufacture  of  aluminum  is 
conducted  exclusively  in  furnaces  (see  fig.  37)  having  a  carbon 
block  as  the  cathode, 
forming  the  bottom  of 
the  furnace,  upon  which 
the  molten  aluminum 
collects,  and  several 
upper  carbon  anodes, 
while  the  bath  is  kept 
molten  entirely  by  the 
heat  generated  due  to 
the  passage  of  the  elec- 
tric current.  The  cross 
section  is  in  all  cases 
rectangular.  The  fur- 
naces seen  recently  by 
one  of  the  writers  at  a 
French  aluminum  plant 
were  rectangular  and  of 
the  general  shape  of  the 

HfirOUlt     steel     fmnace,      I^'««  i»-Alunilnum  ruri»«^-,  ri>dl;  Mining;  r,  «.od«; 

but  not  so  large.     They 

were  about  5  feet  long,  3  feet  wide,  and  3  feet  deep  externally. 
Each  furnace  rested  on  the  floor  of  the  building  without  special 
foundations,  so  that  furnaces  could  be  picked  up  and  moved  around 
readily  with  a  crane.  There  were  eight  carbon  anodes  projecting 
into  the  bath  and  connected  to  the  positive  side  of  the  circuit,  while 
the  electrodes  in  the  carbon  bottom  are  connected  to  the  negative 
side  of  the  circuit.  There  is  an  electrode  in  the  bottom  correspond- 
ing to  each  of  the  anodes.  In  this  case  the  bottom  is  only  partially 
covered  by  the  molten  aluminum. 

A  second  type  of  furnace  has  a  bottom  composed  of  a  mixture  of 
tar  and  ground  coke  or  electrode  waste,  which  is  rammed  in  around 
four  large  iron  plates  connected  to  the  n^ative  side  of  the  circuit. 
There  are  four  rows  of  anodes  contMrnng  six  to  eight  electrodes  per 
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row.  In  both  types  of  furnace  the  bottom  is  inclined  toward  the 
tap  hole,  and  each  electrode  is  arranged  so  that  it  can  be  regulated 
independently  of  the  others. 

In  the  H6roTilt  as  in  the  Hall  process  the  composition  of  the  bath 
is  kept  secret,  but  in  both  processes  the  specific  gravity  of  the  bath 
must  be  less  than  that  of  the  metal,  so  that  the  latter  can  collect  on 
the  bottom.  Cryolite  melts  at  1,000®  C,  but  its  melting  point  is 
reduced  to  915°  C.  by  the  addition  of  5  per  cent  alumina.  By  the 
use  of  calcium  fluoride  the  melting  point  of  cryolite  can  be  fiu*ther 
reduced  to  800°  C.  Cryolite  has  a  specific  gravity  of  2.92  when 
solid  and  2.08  when  liquid,  whereas  aluminum  has  a  specific  gravity 
of  2.6  when  solid  and  2.54  when  liquid. .  It  is  not  considered  advis- 
able to  have  more  than  25  per  cent  of  aluminum,  in  the  form  of 
alumina,  in  the  molten  bath.  Althoi^h  aluminum  fluoride  can  also 
be  used  for  lowering  the  melting  point,  the  most  common  flux  is 
calcium  fluoride. 

Theoretically,  42  grams  (0.092  pound)  of  aluminum  per  kilowatt- 
hour  should  be  produced  by  the  electrolysis  of  alumina  in  a  bath  of 
cryolite.  Practically,  the  foreign  manufacturers  using  the  Hfiroult 
process  make  30  grams  (0.066  pound)  of  alxmunum  per  kilowatt- 
hour,  which  gives  an  efficiency  of  71  per  cent. 

The  furnaces  take  about  75  kilowatts  each  and  produce  from  50 
kilograms  (110  pounds)  to  55  kilograms  (121  pounds)  per  24  hours. 
The  voltage  used  is  from  8  to  1(5  volts  and  the  density  of  current 
from  1.5  to  3  amperes  per  square  centimeter.  The  consumption  of 
alumina  per  pound  of  finished  aluminum  is  theoretically  1.888 
poimds  and  practically  2  pounds.  For  each  pound  of  aluminum  pro- 
duced there  is  a  consumption  of  0.1  poimd  of  cryolite  and  0.9  pound 
of  carbon  anodes. 

The  main  progress  in  aluminum  manufacture,  as  far  as  can  be 
determined,  has  been  in  the  purification  of  the  bauxite  into  alumina 
before  it  is  charged  into  the  electrolytic  cell,  mention  of  which  has 
already  been  made. 

SBBPBK  PBOOESS. 

A  new  process,  the  Serpek,  has  been  devised  and  is  being  introduced 
in  Europe.  In  this  process  bauxite  is  heated  to  a  temperature  suffi- 
cient to  cause  the  formation  of  aluminum  nitride,  which  is  decom- 
posed by  the  action  of  water  into  alumina  and  ammonia,  according  to 
the  reaction  2  AIN + 3H,0 = AljO,  +  2NH,.  For  the  preliminary  reac- 
tion an  electric  furnace  is  not  absolutely  necessary,  as  producer  gas  can 
be  used  as  a  fuel,  but  of  course  an  electric  furnace  is  used  to  reduce  the 
refined  alumina  to  metallic  aluminum.  The  process  thus  provides  a 
method  for  the  fixation  of  nitrogen  and  for  the  purification  of  bauxite 
to  produce  pure  alumina  for  the  electrolytic  cell. 
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The  raw  bauxite  is  first  calcined  by  being  passed  through  a  revolv- 
ing cylindrical  kiln  siiiiilar  to  a  cement  kiln.  The  calcined  bauxite 
passes  by  gravity  to  another  similar  kiln,  before  entering  which  it  is 
mixed  with  carbon  and  then  treated  with  nitrogen.  Halfway  down 
the  lower  kiln  is  a  detachable  electric  resistance  furnace  which  is 
intended  to  raise  the  temperature  to  1,800°  to  1,900°  C.  The  mate- 
rial is  discharged  from  the  lower  end  of  this  kiln  into  an  air-tight 
receiver.  Producer  gas,  consisting  of  one-third  carbon  monoxide 
and  two-thirds  nitrogen,  is  introduced  at  the  lower  end  of  the  lower 
kiln.  This  gas  enters  at  a  temperature  of  400°  C,  but  when  it  reaches 
the  electrically  heated  part  of  the  furnace  and  attains  a  temperature 
of  1,800°  C,  it  reacts  upon  the  charge  to  form  aluminum  nitride. 

PBESBNT  STATUS  OF  ALUMDTUM  MANU7A0TX7BE  IN  THE  UNITED 

STATES. 

The  following  table,^  showing  the  production  of  aluminiun  since  the 
beginning  of  the  industry  in  1883,  and  the  consumption  of  the  metal 
since  1904,  gives  an  idea  of  the  magnitude  of  the  industry  in  this 
country: 

Production  of  aluminum  in  the  United  States^  1883-1904. 


Pounds. 

83 

150 

283 

3,000 

18,000 

19,000 

47,468 

61,281 

150,000 

259,885 

333,629 

550,000 

920,000 

1896 1,300,000 

1897 4,000,000 

1898 5, 200, 000 


Year. 

1883. 

1884. 

1885. 

1886. 

1887. 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 


Year.  Potmds. 

1899 6, 500, 000 

1900 7, 150, 000 

1901 7, 150, 000 

1902 7,300,000 

1903 7,500,000 

1904 68,600,000 

1905 6  11,347,000 

1906 b  14,910,000 

1907 6  17,211,000 

1908 6  11, 152, 000 

1909 6  34,210,000 

1910 6  47, 734, 000 

1911 6  46, 125, 000 


Total 239,751,779 


Until  recently  there  was  only  one  company  producing  aluminum 
in  the  United  States,  and  that  company  controlled  the  Hall  patents. 
Now  that  these  patents  have  expired,  as  before  stated,  French  inter- 
ests are  erecting  a  plant  at  Whitney  on  the  Yadkin  River  in  North 
Carolina.  Work  is  being  pushed  rapidly  on  this  plant,  which  is  to  be 
capable  of  producing  6,000  tons  annuaUy. 

In  1907,  the  company  controlling  the  Hall  patents  had  a  total  plant 
capacity  of  about  57,000  kilowatts,  of  which  45,000  was  in  the  United 

a  Phalen,  W.  C,  Bauxite  and  altuniniim:  Mineral  Resources  U.  S.  for  1911,  U.  8.  Oeol.  Survey,  1912, 
p.  932. 
h  Consumption. 
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States  and  12,000  in  Canada.  The  company  failed  to  get  permission 
from  Congress  to  increase  some  of  its  water-power  developments  and 
at  present  about  4,000,000  pounds  of  aluminum  is  annually  imported 
into  the  United  States,  as  this  company  alone  can  no£  supply  the 
domestic  demand.  It  is,  however,  building  a  plant  in  Tennessee  that 
will  increase  its  productive  capacity  considerably.  The  demand  for 
aluminum  has  increased  rapidly  during  the  past  few  years,  and  as 
there  are  no  longer  any  patent  restrictions,  it  is  probable  that  other 
companies  will  begin  manufacture  in  the  United  States. 

FAGT0B8  OOVEBNXNG  GBOWTH  OF  ALTXMINUH  INDITSTBY. 

As  can  be  readily  seen  from  what  has  already  been  stated  on  this 
subject,  the  growth  of  the  aluminum  industry  will  depend,  among 
other  things,  upon  the  discovery  of  new  ores  of  aluminum;  that  is, 
ores  that  can  be  used  in  the  production  of  aluminum  by  the  processes 
now  employed  for  that  purpose,  or  upon  the  development  of  processes 
for  the  treatment  of  ores  that  are  not  now  suited  to  the  H6roult  or 
Hall  processes,  or  to  processes  similar  to  them. 

NEW  80XJB0E8  OF  ALUMINA. 

As  before  stated,  bauxite  is  practically  the  only  ore  now  used  for  the 
production  of  aluminiun.  However,  Phalen^  states  that  experi- 
ments with  alunite,  deposits  of  which  occur  near  Marjrsvale,  Utah, 
and  in  Colorado,  California,  Arizona,  and  Nevada,  indicate  that  it 
may  at  some  future  time  become  an  important  source  of  alumina. 

The  mineral  alunite  is  a  hydrous  sulphate  of  aluminum  and  potas- 
siimi,  having  the  formula  K,0.3Al30,.4SO,.6H20,  and  according  to 
laboratory  experiments  made  by  Schaller  of  the  Geological  Survey 
contains,  when  ignited,  32.7  per  cent  of  available  potassium  sulphate, 
which  can  be  extracted  by  simple  water  leaching  and  evaporation, 
thus  leaving  a  residue  of  67.3  per  cent,  which  consists  of  nearly  pure 
aluminum  oxide.  Such  being  the  case,  it  would  at  first  thought  seem 
as  if  this  ore  would  be  valuable  both  for  its  potash  content  and  for 
the  ahiminum  that  it  contains.  As  a  matter  of  fact,  as  pointed  out 
in  the  report  of  the  Geological  Survey,  the  mineral  has  attracted 
attention  as  a  possible  source  of  potash.  However,  as  Phalen  states, 
present  known  deposits  are  so  far  from  Eastern  markets  that  alunite 
ores  may  not  be  able  to  compete  with  Eastern  bauxite  ores.  But  as 
bauxite  contains  a  considerable  proportion  of  iron  oxide,  silica,  and 
titanium  oxide,  and  requires  purifying  before  being  reduced  to 
metallic  aluminum,  whereas  the  residue  remaining  after  the  leaching 
ignited  alunite  consists  of  practically  pure  aluminum  oxide,  it 
!d  seem  tliat  this  advantage,  together  with  the  fact  that  the 

CO,  W.  C,  Btiudte  tod  ftlaminam:  Utnenl  Resoarccs  U.  8.  for  1911,  U.  8.  Oeol.  Surrey,  1013, 
3S. 
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available  potassium  sulphate  that  alunite  contains  is  a  valuable  by- 
product, would  more  than  offset  added  transportation  charges  to 
Eastern  markets. 

PBOOBSSBS  FOB  PBODXTCINa  ALUIONXTM  FROM  ORES  OTHBB 

THAN  OXIDES. 

Patents  covering  the  production  of  aluminum  from  molten  elec- 
trolytes seem  to  cover  every  possible  method  of  obtaining  aluminum 
from  its  ores,*  so  that  one  would  think  that  little  more  could  be  done 
along  this  Kne;  but,  as  in  other  branches  of  metallurgical  work,  new 
ideas  are  being  constantly  advanced  and  patents  are  obtained  on 
new  and  generally  imtried  inventions  imtil  they  seem  to  be  without 
end. 

As  previously  stated,  bauxite,  which  is  practically  the  only  ore 
used  for  the  production  of  aluminum,  is  foimd  in  comparatively  few 
places.  Moreover,  it  not  only  has  to  be  transported  long  distances, 
but  also  requires  a  costly  preliminary  treatment  for  the  purpose  of 
freeing  it  as  far  as  possible  from  all  constituents  other  than  alumina. 
Aluminum  silicates,  on  the  other  hand,  can  be  had  almost  anywhere, 
and  it  would  therefore  seem  that  the  logical  thing  to  do,  as  regards 
discovering  new  sources  from  which  aluminum  can  be  obtained, 
would  be  to  perfect  commercially  feasible  processes  for  the  production 
of  the  metal  from  those  alimiinum  minerals  that  are  so  common. 
Considerable  experimental  work  of  this  sort  has  already  been  done 
and  several  patents  have  been  granted  on  processes  for  extracting 
aluminum  from  ores  containing  it  in  some  form  other  than  the  oxide. 

tone's  method. 

The  method  proposed  by  Tone  *  consists  of  two  steps.  In  the  first 
step  the  aluminum-bearing  ore  is  mixed  with  the  proper  quantity  of 
carbon,  and  the  aluminum  is  reduced  to  aluminum  carbide.  The 
aluminum  carbide  is  then  mixed  with  some  other  ore — silica,  for  ex- 
ample. The  aluminum  carbide  and  the  silica  are  to  be  in  the  pro- 
portions expressed  by  the  equation  2Al4C8  +  3SiO,  =  8A1.3Si  +  6CO., 
and  the  mixture  is  fused  in  an  electric  furnace  yielding,  as  shown  by 
the  above  equation,  a  silicon-aluminum  alloy. 

If  metallic  aluminum  be  desired,  the  aluminum  carbide  is  mixed 
with  aluminum  oxide  in  the  proportion  expressed  by  the  chemical 
equation  Al^Cj+AljOa^^eAl  +  SCO.  As  has  been  shown  by  Hutton 
and  Petavel,*^  although  the  oxide  of  aluminum  (alumina)  can  be 

a  See  digest  of  patents  taken  oat  prior  to  Joly,  1903,  in  Electrochemical  Industry,  vol.  2, 1904,  pp.  166, 
160,210. 

5  U.  8.  Patent  961913,  June  21, 1910. 

«  Button,  R.  B.,  and  Petavel,  J.  E.  On  the  direct  reduction  of  alumina  by  carbon:  Electiocfaem.  and 
Het.  Ind.,  toL  6, 1908,  p.  104. 
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readily  reduced  to  the  metal  by  carbon,  yet  the  temperature  at  which 
the  reduction  takes  place  is  sufficiently  high  to  volatilize  the  metal. 
For  this  reason,  if  for  no  other  (as,  for  example,  the  reduction  of  other 
elements  contained  in  the  ore,  which  would  alloy  with  the  aluminum). 
Tone  claims  that  it  is  better  to  divide  the  process  into  two  parts,  thus 
entailing  little  or  no  volatilization  loss,  and  that  the  production  of 
carbides  with  the  electric  furnace  is  highly  efficient.  However,  as 
will  be  noted,  the  use  of  aluminum  oxide  is  an  essential  part  of  the 
process  where  the  production  of  metallic  aluminum  is  desired. 

Tone  has  also  taken  out  two  other  patents  on  the  production  of 
aluminum  from  silicates.  In  one  of  these  (No.  906,338)  kaolin  is 
mixed  with  carbon  for  the  purpose  of  reducing  the  siUca  but  not  the 
alumina.  The  mixture  is  fused  in  an  electric  furnace,  the  products 
being  alumina  and  silicon  as  shown  by  the  following  equation : 

AlaO,-f-Si03-f-4C=AL,Oa+2SH-4CO 

The  alumina  after  separation  from  the  siHcon  can  be  used  for  the  pro- 
duction of  aluminum  by  the  usual  methods.  Tone  states  that  the 
reaction  shown  above  may  be  faciUtated  by  adding  base  metals  or 
ore  to  the  charge,  as  the  base  metal  alloys  with  the  siUcon  and  so 
brings  about  a  more  complete  reduction  of  the  silicon.  For  example, 
if  222  parts  of  calcined  kaolin  be  mixed  with  48  parts  of  carbon  and 
56  parts  of  iron,  then  the  reaction  in  the  electric  furnace  is  shown  by 
the  following  equation: 

Al20,.2Si03-f-4C-f-Fe=Al20,-f-FeSi2-f4CO 

After  the  fused  product  has  been  tapped  from  the  furnace,  the  siU- 
cide  is  separated  from  the  alumina,  after  which  the  alumina  may  be 
treated  for  the  production  of  aluminum  in  the  usual  manner. 

Alf-Sinding  Larsen  has  also  taken  out  a  patent  (U.  S.  No.  927758) 
that  closely  resembles  that  of  Tone.  In  his  process  he  proposes  to 
fuse  silicates  of  aluminum  in  an  electric  furnace  in  contact  with  iron 
(scrap  iron  or  iron  ore)  and  coke.  The  product  of  the  fusion  is  ferro- 
siUcon  and  alumina.  The  alumina  can  then  be  treated  in  the  usual 
manner  for  the  production  of  aluminum. 

BETTS'S   PBOCESS. 

Briefly  stated,  the  process  proposed  by  Betts  consists  of  the  follow- 
ing steps: 

1 .  Iron  ore  and  aluminum  ore  such  as  bauxite  or  kaoUn  are  charged 
with  fuel  into  a  blast  furnace,  similar  to  an  iron  blast  furnace,  but 
operated  at  a  higher  temperature  than  the  latter.  The  product  is 
iron-aluminum-silicon. 

2.  As  aluminum  b  the  most  readily  oxidized,  sulphurized,  or  chlo- 
ridized  metal  of  the  iron-aluminimi-silicon  compoimd,  aluminum  may 
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be  extracted  by  means  of  either  oxidiziiig,  sulphuiiziiigy  or  chloridiz- 
ing  agents.  For  example,  by  treating  the  iron-aluminnm-silicon 
metal  with  silica  at  a  high  temperature,  the  aluminum  of  the  metal 
would  be  oxidized  by  the  oxygen  of  the  silica,  and  there  would  be 
formed  pure  aluminum  oxide  and  ferrosiUcon,  provided  the  iron  ore 
is  free  from  Ume  and  magnesia. 

3.  Betts  claims  that  aluminum  sulphide  can  be  more  readily  and 
cheaply  reduced  to  aluminum  than  can  the  oxide  (alumina),  and  so 
instead  of  reducing  the  alumina  to  metallic  almninum,  as  is  done  in 
the  Hall  and  H6roult  processes,  he  proposes  to  treat  it  with  iron 
sulphide,  thus  forming  aluminum  sulphide.  This  part  of  the  process 
however,  is  carried  out  in  two  steps.  The  alloy  is  first  treated  with 
an  insufficient  quantity  of  iron  sulphide  to  react  with  the  aluminum 
present,  resulting  in  practically  pure  alumiaum  sulphide.  This 
aliuninimi  sulphide  is  then  reduced  by  electrolysis  to  aluminum  and 
sulphur. 

As  the  alloy  remaining  after  the  treatment  in  the  second  step  by 
fusion  with  silica  still  contains  considerable  aluminum,  it  is  further 
treated  with  an  excess  of  iron  sulphide.  The  result  of  this  treatment 
is  a  matte,  which  is  then  used  alone  or  with  additional  fresh  iron 
sulphide  in  the  next  treatment  of  the  aluminum  alloy. 

IRON. 

PBBSBNT   STATTT8  OF  EliECTBIC   FT7BNACE   IN   SMBLTINa  IBON 

ORES. 

USB   OP  COKE   AND  CHARCOAL. 

As  is  well  known,  of  the  coke  charged  into  an  iron  blast  furnace, 
only  about  two-thirds  is  used  for  producing  the  heat  necessary  for 
carrying  on  the  process,  the  other  one-third  beiog  used  as  a  reducing 
agent.  Therefore,  if  the  electric  furnace  is  used  for  the  smeltiag  of  iron 
ores,  only  enough  carbon  has  to  be  supplied  to  imite  with  the  oxygen 
of  the  ore,  or  in  other  words,  to  reduce  it,  and  for  this  reason  the 
smelting  of  iron  ores  in  the  electric  furnace  is  of  much  importance 
to  the  Western  Coast  States,  for  there  are  found  iron-ore  deposits 
comparatively  large,  but  not  suitable  blast-furnace  coking  coals,  and 
so  the  cost  of  coke  makes  ordinary  blast-furnace  smelting  too  expen- 
sive. However,  it  is,  of  course,  necessary  to  supply  carbon  in  some 
form  as  a  reducing  agent,  and  even  though  only  one-third  as  much 
carbon  is  required  for  this  purpose  as  is  required  in  ordinary  blast- 
furnace practice,  it  may  be  impossible  to  obtain  even  this  amoimt 
at  such  a  cost  as  will  permit  the  use  of  the  electric  fiunace.  So  far 
only  coke  and  charcoal  have  been  tried  to  any  extent  as  reducing 
agents  in  the  reduction  of  iron  ores  in  the  electric  furnace,  and  for  a 
time  it  was  thought  that  coke  could  not  be  successfully  used,  as  sev- 
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eral  trial  runs  at  Trolihattan  on  coke  were  not  successful  and  later 
the  plant  at  Hardanger,  Norway,  where  coke  was  used  as  a  reducing 
agent,  after  being  in  operation  for  about  nine  months,  was  forced  to 
close  down,  owing  to  the  fact  that  with  coke  the  quantity  of  pig  iron 
that  could  be  produced  per  kilowatt-year  of  electrical  energy  expended 
was  not  nearly  as  great  as  can  be  produced  when  charcoal  is  used. 
It  was  stated  that  the  reason  for  this  was  that  coke,  especially  hot 
coke,  is  a  much  better  conductor  of  electricity  than  is  charcoal.  For 
this  reason  when  coke  is  used  the  resistance  of  the  charge  becomes 
lowered,  and  as  the  smelting  in  the  electric  iron  reduction  furnace  is 
done  by  the  heat  produced  by  the  resistance  encountered  by  the  elec^ 
trie  current  in  passing  through  the  charge  between  the  electrodes, 
more  electrical  energy  is  required  to  produce  the  same  amount  of  heat. 
However,  Profs.  H.  L.  Vogt  and  P.  Farup,*  of  the  Norwegian  electro- 
metallurgical  commission,  reporting  on  the  causes  of  the  economic 
failure  of  this  plant  do  not  attribute  the  same  to  the  use  of  coke,  but 
"partly  to  the  nature  of  the  ores  treated  and  partly  to  their  low  iron 
content,  conjointly  with  the  unsatisfactory  condition  of  the  agglom- 
erating roasting  oven,  and  several  parts  of  the  electrical  equipment." 
They  state  that  an  "excellent  quaUty  of  pig  iron  can  be  produced" 
with  cx)ke,  and  that  "the  consumption  of  carbon  is  the  same  whether 
charcoal  or  coke  is  employed ; "  also  that  the  consumption  of  electrical 
energy  was  that  originally  computed  by  them  for  both  poor  and 
rich  ores. 

On  the  other  hand,  Engineer  Gustaf  Oedquist,  in  a  statement  made 
before  the  Christiania  Polyteknik  Forening,  says : 

The  committee  is  of  the  opinion  that  the  type  of  smelter  used  did  not  conduce  to  the 
un&voiable  results  at  Hardanger.  I  am  of  a  different  opinion.  The  reason  why  it  is 
not  adapted  to  coke  consists  in  the  greater  variation  in  the  electrical  resistance  in  the 
furnace  itself  by  the  use  of  coke,  owing  to  which  the  average  load  as  well  as  the  pro- 
duction is  diminished.  To  which  must  be  added  that  the  laiger  quantity  of  limestone 
thereby  necessitated  contributes  to  a  lesser  production  of  pig  iron  per  horsepower-year. 

Considerable  experimenting  has  also  been  done  with  coke  as  a 
reducing  agent  by  the  Noble  Electric  Steel  Co.  at  Heroult,  Cal.  In 
his  summary  of  deductions  Mr.  Crawford,  the  plant  manager,  states:^ 

1.  Any  ordinary  grade  of  coke,  by  crushing  it,  can  be  used  satisfactorily  from  both 
a  metallurgical  and  an  electrical  standpoint  to  produce  any  normal  grade  of  pig  iron. 
But,  depending  on  its  porosity  and  crushing  strength  and  its  analysis,  there  is  for  each 
variety  a  size  to  be  determined  by  experiment  which  will  give  from  all  standpoints 
best  operating  conditions. 

2.  Soft,  porous  cokes  are  to  be  preferred  over  hard,  dense  cokes,  because  the  former 
can  be  fed  in  laiger  pieces  and  still  insure  homogeneity  of  mixture  when  the  burden 
descends  to  the  smelting  zone.  Further,  they  cost  less  to  crush,  and  there  is  leas  loss 
in  fines  and  flue  dust  because  of  the  laiger  size  which  can  be  used.    For  ore  crushed 

a  AxusL,  Electrothormio  iron-ore  smelting  in  Norway:  Eng.  and  Min.  Joor.,  toI.  98,  July  25, 1914,  p.  158. 
b  Crawford,  John,  Disoaasion  of  paper  by  Robert  U.  Keeney  on  "  Pig  steel  from  ore  in  the  electrlo  for* 
aoe.":  BoU.  Am.  Inst.  Min.  Eng.,  June,  1914,  p.  1289. 
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to  puB  a  2}-iiich  grizzly,  a  soft,  porouB  coke  gives  best  results  when  crushed  to  pass  a 
l}-inch  grizzly.    Certain  hard,  dense  cokes  had  to  be  crushed  to  pass  a  }-inch  grizzly. 

3.  If  the  coke  is  of  the  proper  size  when  it  reaches  the  smelting  zone,  operations  may 
be  carried  on  with  as  high  voltage,  low  current  densities,  good  power  fcictor,  and  as  cool 
a  roof  when  using  coke  as  when  using  charcoal. 

4.  The  power  consimiption  per  unit  of  production  is  higher  with  coke  as  a  reducing 
agent  than  with  charcoal,  but  the  increase  is  due  to  the  extra  amount  of  slag  made. 
Tliis  depends  on  the  composition  and  amount  of  ash  in  the  coke  and  the  amount  of 
sulphur  in  the  coke. 

5.  The  carbon  consumption  per  unit  of  production  is  higher  with  coke  than  with 
charcoal.  This  is  due  partly  to  the  greater  flue-dust  losses  from  cnished  coke  than 
from  lump  charcoal,  and  partly  to  the  formation  of  carbides,  in  the  high-lime,  desul- 
phurizing slag,  all  of  which  are  not  subsequently  decomposed. 

6.  If  electrodes  are  regulated  to  form  a  free-burning  arc,  the  use  of  coke  has  no  bear- 
ing on  the  electrode  consimiption.  If,  however,  electrodes  are  inserted  in  the  charge 
to  form  a  submeiged  arc,  as  is  our  practice  the  consumption  of  electrode  material  is 
considerably  greater,  esi)ecially  with  graphite  electrodes.  This  is  due  principally  to 
the  greater  abrasive  action  of  coke  than  charcoal,  though  partly  also  to  the  attack  of 
the  lime  slags  on  the  electrode  material.  We  found  the  electrode  loss  from  breakage 
(using  12-inch  graphite  electrodes)  very  excessive,  doubtless  due  in  part  to  the  greater 
density  of  the  burden  when  using  crushed  coke  as  against  limip  charcoal.  On  this 
account,  after  carrying  oiir  experiments  far  enough  to  demonstrate  the  conmiercial 
feasibility  of  operating  on  coke,  we  have  shut  our  furnaces  down  pending  alterations 
to  permit  the  use  of  24-inch  carbon  electrodes,  which,  besides  being  stronger,  will 
better  resist  the  abrasive  action  of  the  burden. 

7.  With  a  coke  nmning  1.25  per  cent  sulphur  we  had  little  difficulty  in  keeping 
the  sulphur  in  the  pig  below  0.05  per  cent,  and  much  of  the  iron  made  was  imder 
0.03  per  cent  sulphur. 

8.  No  trouble  was  found  in  making  foundry  irons  up  to  3.50  per  cent  silicon  or 
higher  if  desired.  In  iacty  on  a(fcount  of  its  high,  easily  reduced,  siliceous  ash,  coke 
will  reduce  a  high-silicon  iron  somewhat  more  readily  than  charcoal. 

9.  Except  for  a  somewhat  more  open  grain,  no  difference  has  been  noted  thus  far  in 
the  physical  charactoristics  of  iron  made  with  coke  and  iron  made  with  charcoal. 

10.  Crushed  coke,  especially  when  high  in  ash  and  with  a  large  percentage  of  fines 
present,  has  a  tendency  to  cause  the  burden  to  hang.  This  we  believe  would  pro- 
hibit its  use  successfully  in  a  furnace  of  the  shaft  type.  However,  in  the  rectangular 
furnaces  there  is  an  opportimity  to  dislodge  scaffolds  by  barring  down,  if  the  hang 
is  of  any  duration.  There  are  several  ways  in  which  the  presence  of  a  hang-up  can 
be  detected  before  it  has  become  serious.  A  mixture  of  15  to  25  per  cent  of  lump 
charcoal  with  the  coke  is  quito  effective  in  keeping  the  burden  from  hanging  up. 

In  conclusion,  we  may  say  that  coke  has  nothing  to  recommend  it  over  charcoal  for 
an  electric-furnace  reducing  material,  excepting  the  difference  in  price.  However, 
"black-butts,''  screenings,  and  even  breeze  if  the  dust  is  removed,  can  be  mixed  to 
make  a  satisfoctory  reducing  material.  As  such  grades  of  coke  can  usually  be  secured 
at  a  very  attractive  price,  this  may  more  than  offset  the  disadvantages  of  its  use. 

The  writer  apologizes  for  offering  the  above  statements  as  '* glittering  generalities" 
unsubstantiated  by  definite  figures,  but,  since  the  data  obtained  varied  considerably 
with  the  chemical  and  physical  properties  of  each  coke  tried  and  the  size  to  which  it  was 
crushed,  even  a  synopsis  of  this  rather  voluminous  data  is  considered  beyond  the  scope 
of  this  discussion. 

Inasmuch  as  charcoal  and  coke  are  the  only  practical  reducing 
agents  known  at  present  for  use  on  a  large  scale,  and  as  it  would  seem 
from  what  has  just  been  stated  that  it  is  impractical  to  use  coke  in  a 
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furnace  of  the  shaft  type,  the  electric  iron  reduction  shaft  furnace  is 
necessarily  limited  to  the  use  of  charcoal.  Hence  it  is  necessary  that 
such  a  furnace  be  located  in  close  proximity  to  a  well-timbered  r^on, 
where  charcoal  as  well  as  electric  power  can  be  produced  at  a  low  cost. 

POSSIBLE   USE    OF   CRUDE   OIL   AS   A  REDUCING   AGENT. 

In  southern  California  and  in  other  Western  States  there  are 
rather  large  iron  deposits  of  high-grade  ore  but  coke  is  too  expensiye 
to  permit  ordinary  blast-furnace  smelting  and  the  use  of  charcoal 
for  electric-furnace  work  is  entirely  out  of  the  question,  as  there  are  no 
forests  to  furnish  the  wood  necessary  for  its  production.  On  the 
other  handy  crude  oil  is  generally  rather  plentiful  and  comparatively 
cheap  in  such  districts,  especially  in  California. 

Aside  from  the  possible  use  of  oil  in  connection  with  electrio-fumace 
work,  those  interested  in  the  subject  have  for  years  been  considering 
the  possibility  of  using  crude  oil  as  a  reducing  agent.  So  far  as  the 
authors  know,  the  oil  has  not  as  yet  been  so  used  successfully.  That 
the  carbon  and  the  hydrogen  of  the  oil  will  reduce  iron  oxides  is 
self-evident,  but  as  yet  no  one  seems  to  have  been  able  to  solve  the 
problem  of  bringing  the  ore  and  the  oil  together  at  the  proper  tem- 
perature. As  a  result  of  a  preliminary  investigation  conducted  by 
the  Bureau  of  Mines  as  to  the  possibility  of  using  crude  oil  as  a  reduc- 
ing agent,  it  seems  as  if  about  the  only  manner  in  which  crude  oil 
may  be  used  for  this  purpose  is  first  to  convert  it  into  a  fixed  gas  and 
then  to  introduce  this  into  the  crucible  o¥  an  electric  furnace,  thus 
preheating  the  gas  to  such  a  temperature  that  it  will  effectively 
reduce  the  iron  oxides  as  it  passes  up  through  the  shaft  of  the  furnace. 
Be  that  as  it  may,  it  is  to  be  sincerely  hoped  that  ultimately  a  suitable 
process  may  be  devised  whereby  oil  may  be  used  as  a  reducing  agent, 
and  thus  broaden  the  field  for  the  possible  application  of  the  electric 
furnace  in  the  reduction  of  iron  ores. 

USB  OP  ELECTRIC   mON   REDUCTION   FURNACE   AT  PRESENT. 

That  the  electric  furnace  has  been  successful  in  the  smelting  of 
iron  ores  in  districts  where  the  conditions  are  favorable  is  shown  by 
the  fact  that  10  furnaces  of  the  Swedish  type  with  a  total  capacity 
of  about  22,000  kilowatts  have  been  erected  in  Sweden,  Norway,  and 
Switzerland.  In  this  country  there  is  one  iron  plant  of  two  electric 
furnaces  with  a  total  capacity  of  5,000  kilowatts  in  operation  at 
Heroult,  CaL  The  type  of  furnace  used  in  California  is  different  from 
that  used  in  Sweden,  owing  to  the  fact  that  a  different  grade  of  iron  is 
desired  from  that  produced  in  Sweden;  that  is,  in  Swed«<^  &  metal  is 
produced  that  is  low  in  silicon  and  carbon  and  particulidly  well  suited 
to  steel  making,  whereas  in  California  the  demand  is  for  &  Bof  t  gray 
foundry  iron. 
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As  to  the  advantages  of  the  metal  produced  in  a  Swedish  type  of 
furnace  for  steel  making,  they  have  been  stated  by  Keeney  ^  to  be  as 

follows: 

1.  That  it  can  be  converted  into  steel  with  greater  fa/dhty  and  at  a  lower  cost. 

2.  That  it  admits  of  greater  economy  in  power  consumption.  * 

3 .  That  it  admits  of  greater  economy  in  reducing  material . 

4.  That  the  carbon  content  can  be  controlled  within  a  limit  of  2J20  per  cent  mazi- 
mom. 

5.  That  the  losses  of  iron  in  the  slag  will  not  exceed  reasonable  limits,  say  6  per  cent 
FeO. 

A  metal  has  been  made  by  the  Noble  Electric  Steel  Co.,  ''quite 
similar  in  both  appearance  and  analysis  to  the  pig  iron  which  was  at 
that  time  reported  as  being  used  successfully  for  steel  making  in 
Sweden,"  concerning  the  use  of  which  Crawford  ^  reports  as  follows : 

Stimulated  by  the  results  which  were  being  obtained  in  Sweden  we  made  consider- 
able effort  to  induce  steel  makers  on  the  Pacific  coast  to  try  it.  Finally  by  making  a 
very  attractive  price  we  induced  one  firm  to  use  it.  This  concern  operates  both  basic 
and  acid  open-hearths  for  making  concrete  reinforcing  steel.  The  report  of  the  works 
superintendent  on  it  was  rather  indefinite  but  not  enthusiastic.  He  said  ''It  worked 
pretty  well,  but  normal  pig  iron  was  more  satisfactory."  Since  that  time  we  have  sold 
this  concern  about  1,000  tons  of  normal  lowndlicon  pig  iron  and  also  a  few  odd  carloads 
of  white  iron  which  approached  in  analjrsis  pig  steel.  They  advise  that  no  difference 
is  noted  in  the  working  of  normal  electric-furnace  pig  iron  as  compared  to  normal  blast- 
furnace iron  of  similar  analysis.  The  pig  Iron  brought  the  market  price,  but  the  pig 
steel  always  had  to  be  offered  on  more  favorable  terms,  and  even  at  a  reduced  price  it 
did  not  call  forth  any  repeat  orders. 

These  remarks  are  not  intended  to  be  construed  as  a  contradiction  of  the  favorable 
reception  which  pig  steel  has  been  accorded  by  the  Swedish  steel  men,  but  it  does 
seem  to  indicate  that  to  gain  the  advantages  claimed  pig  steel  must  be  used  "according 
to  prescription"  and  a  good  deal  of  ''missionary  work"  might  be  necessary  before 
American  steel  makers,  who  have  no  patriotic  interest  in  the  matter,  would  do  the 
necessary  experimenting  to  prove  the  advantages  claimed. 

bnaoiebbs'  bbpo&t  of  the  bxpebihbntal  work  at 

tboluiXttah. 

The  engineers  in  charge  of  the  experimental  work  at  Trollh&ttan 
made  the  following  statements  in  their  final  report  according  to  the 
Iron  and  Coal  Trades  Review:  * 

QUALmr  OP  PIG  iron  produced  in  electeic  pubnace. 

• 

The  silicon  content  does  not  vary  more  than  in  an  ordinary  blast  furnace.  T^--^» 
phosphorus  content  is  lower  than  with  the  same  quality  of  charge  in  ar 
blast  furnace;  this  is  due  to  the  lower  consumption  of  charcoal.  Tipted  at  Nor- 
of  sulphur  is,  however,  slightly  higher  in  the  electric  furnace,  iplting  of  copper 
observed  that  both  at  Trollh&ttan  and  at  Hagfors  unroasted  ores  hr  gf^^i^^j.  ^r%A  the 
out  any  diflBculty  arising  from  the  sulphur  present.  •>        r        > 

1 er  cent  copper  and 

«  Kfloney,  R.  M.,  Pig  steel  from  ore  in  the  electrie  tarnace:  BulU  Am.  Inst.  If  J 

S4»-a67.    DiacoBslon,  Ibid,  J.  W.Riobaids  and  J.  Crawford,  p.  1280.  /ferent  electrotbermlo  prooessos 

5  Giswfacd,  J.,  DiMosiiaii  of  p^Mr  by  R.  M.  KMn«y  oo  "  Pig  steel  Cram  or«e:  Ceoadi,  Department  of  later- 
Abl  Inst.  Min.  Eng.,Juzie,  1014,  p.  1280. 

c  Iron  and  Coal  Trades  Review,  1013. 
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furnace  of  the  shaft  type,  the  electric  iron  reduction  shaft  furnace  is 
necessarily  limited  to  the  use  of  charcoal.  Hence  it  is  necessary  that 
such  a  furnace  he  located  in  close  proximity  to  a  well-timhered  r^on, 
where  charcoal  as  well  as  electric  power  can  he  produced  at  a  low  cost. 

POSSIBLE   USE   OF   CRUDE   OIL   AS   A  REDUCING   AGENT. 

In  southern  CaUfomia  and  in  other  Western  States  there  are 
rather  large  iron  deposits  of  high-grade  ore  but  coke  is  too  expensive 
to  permit  ordinary  blast-furnace  smelting  and  the  use  of  charcoal 
for  electric-furnace  work  is  entirely  out  of  the  question,  as  there  are  no 
forests  to  furnish  the  wood  necessary  for  its  production.  On  the 
other  hand,  crude  oil  is  generally  rather  plentiful  and  comparatively 
cheap  in  such  districts,  especially  in  California. 

Aside  from  the  possible  use  of  oil  in  conxiection  with  electric-furnace 
work,  those  interested  in  the  subject  have  for  years  been  considering 
the  possibility  of  using  crude  oil  as  a  reducing  agent.  So  far  as  the 
authors  know,  the  oil  has  not  as  yet  been  so  used  successfully.  That 
the  carbon  and  the  hydrogen  of  the  oil  will  reduce  iron  oxides  is 
self-evident,  but  as  yet  no  one  seems  to  have  been  able  to  solve  the 
problem  of  bringing  the  ore  and  the  oil  together  at  the  proper  tem- 
perature. As  a  result  of  a  preliminary  investigation  conducted  by 
the  Bureau  of  Mines  as  to  the  possibility  of  using  crude  oil  as  a  reduc- 
ing agent,  it  seems  as  if  about  the  only  manner  in  which  crude  oil 
may  be  used  for  this  purpose  is  first  to  convert  it  into  a  fixed  gas  and 
then  to  introduce  this  into  the  crucible  o7  an  electric  furnace,  thus 
preheating  the  gas  to  such  a  temperature  that  it  will  effectively 
reduce  the  iron  oxides  as  it  passes  up  through  the  shaft  of  the  furnace. 
Be  that  as  it  may,  it  is  to  be  sincerely  hoped  that  ultimately  a  suitable 
process  may  be  devised  whereby  oil  may  be  used  as  a  reducing  agent, 
and  thus  broaden  the  field  for  the  possible  application  of  the  electric 
furnace  in  the  reduction  of  iron  ores. 

USE   OP  ELECTRIC   mON   REDUCTION   FURNACE   AT   PRESENT. 

That  the  electric  furnace  has  been  successful  in  the  smelting  of 
iron  ores  in  districts  where  the  conditions  are  favorable  is  shown  Tbj^ 
the  fact  that  10  furnaces  of  the  Swedish  type  with  a  total  capacity  j 
of  about  22,000  kilowatts  have  been  erected  in  Sweden,  Norway,  and .  ■ 
Switzerland.     In  this  country  there  is  one  iron  plant  of  two  electii     c 
furnaces  with  a  total  capacity  of  6,000  kilowatts  in  operation  ■'     ^ 
Heroult,  CaL    The  type  of  furnace  used  in  California  is  differenti#Da«*{jQ0 
that  used  in  Sweden,  owing  to  the  fact  that  a  different  grade  >««^^^'{\jqjib 
desired  from  that  produced  in  Sweden;  that  is,  in  Swede"  ^®  ^  ^®*    metal  is 
produced  that  is  low  in  siUcon  and  carbon  and  particular.  ^^  ^^  ^^^    «    -y 
to  steel  making,  whereas  in  California  the  demand  is  forV25,i9ivT^  ,.  ^^ 
foundry  iron.  th.d«uk&8otlg»y 


/ 


As  to  the  adTBDtages  of  the  metal  produced  in  a  Swedish  type  of 
furnace  for  steel  making,  they  have  been  stated  by  Keeney"  to  be  as 
(ollowB: 

1.  Th&t  it  c&n  be  converted  into  Meel  with  greater  facility  And  Kt  a  lower  coat. 

2.  That  it  admite  of  greater  economy  in  power  coDBumption, 

3.  ThatitadmitBofgreatereconomyinreducingmaterial. 

4.  That  the  carbon  conteDt  can  be  controlled  within  a  limit  of  2.20  per  cent  nuoi- 

6.  That  the  loases  of  iron  in  the  b1^  will  not  exceed  reasonable  limita,  eay  6  per  cent 
FbO. 

A  metal  has  been  made  by  the  Noble  Electric  Steel  Co.,  "quite 
similar  in  both  appearance  and  analysis  to  the  pig  iron  which  was  at 
that  time  reported  as  being  used  successfully  for  steel  making  in 
Sweden,"  concerning  the  use  of  which  Crawford ''reports  as  follows: 

Stimulated  by  the  reaulta  which  were  being  obtained  in  Sweden  we  made  considei^ 
able  e&ort  to  induce  eteel  makers  on  the  Pacific  coattt  lo  try  it.  Finally  by  mufcing  a 
very  attractive  price  we  induced  one  firm  to  uee  it.  "niifl  concern  opoatea  both  baaic 
and  acid  op^i-hearttu  for  malring  concrete  reinforcing  steel.  The  report  of  the  works 
superintendent  on  it  was  rather  indefinite  hut  not  enthusiastic.  He  said  "It  worked 
pretty  well,  but  normal  pig  iron  was  more  gatisfactfvy,"  Since  that  time  we  have  stdd 
this  concern  about  1,000  tone  of  nOTmal  low-ailicon  pig  iron  and  aleo  a  few  odd  carloads 
of  whit«  iron  which  approached  in  analyBiB  pig  eted.  They  advise  that  no  diflerence 
is  noted  in  the  working  of  normal  electric-furnace  pig  iron  as  compared  to  normal  blast- 
furnace iron  o{  aimilar  analyids.  The  pig  iron  brought  the  market  price,  but  the  pig 
steel  always  had  to  be  oSered  on  more  favorable  terms,  and  even  at  a  reduced  price  it 
did  not  call  forth  any  repeat  orders. 

These  remarks  are  not  intended  to  be  construed  as  a  contradiction  of  the  favorable 
reception  which  pig  steel  has  been  accorded  by  the  Swedish  steel  men,  but  it  does 
seem  to  indicate  that  to  gain  the  advantages  claimed  pig  steel  must  be  used  "according 
to  i«eacription "  and  a  good  deal  of  "missionary  work"  might  be  necenary  before 
American  steel  makers,  who  have  no  patriotic  interest  in  the  matter,  would  do  the 
necesMry  experimenting  to  prove  the  advantages  claimed . 


The  engineers  in  chaise  of  the  experimental  work  at  Trollh&ttan 
made  the  following  statements  in  their  final  report  u 
Iron  and  Coal  Trades  Review: ' 

QUALrrr  of  pig  ieon  peoduced  in  blbotric  i 

The  silicon  content  does  not  vary  more  than  in  an  ordinary  bl 
phosphorus  content  is  lower  than  with  the  same  quality  of  char 
blast  furnace;  this  is  due  to  the  lower  consumptioii  of  charcoal 
of  sulphur  is,  however,  slightly  higher  in  the  electric  furnace, 
obeerved  that  both  at  TroUh&ttan  and  at  Hagf  ora  unroasted  oree  h 
out  any  difficulty  arising  from  the  sulphur  present. 

•  KMDe7,B.U.,PIgstse]tromara[ntIwelai:trlBtunia<»:  Bull.  Am.  but.  Uf 
349-307.    DlKUskxn,  Ibbl,J.  W.  RIsbudjuid  J.  Ciawlcnl.p.  12Sg. 

'»  Ctewford,  J.,  DboiMlim  of  papar  !>;  R.  If .  Kmujt  OD  "  Pig  Mm!  Iram  01 
Am.  Inat  Uln.  En(.,  JuBa,lU4,p.  IW. 

c  Icon  and  Coal  Timdn  Review,  ISIS. 


84  THE  ELECTBIC   FURNACE  IN   METALLURGICAL  WORK. 

furnace  of  the  shaft  type,  the  electric  iron  reduction  shaft  furnace  is 
necessarily  limited  to  the  use  of  charcoal.  Hence  it  is  necessary  that 
such  a  furnace  be  located  in  close  proximity  to  a  well-timbered  region, 
where  charcoal  as  well  as  electric  power  can  be  produced  at  a  low  cost. 

POSSIBLE  USE   OF   CRUDE   OIL   AS   A   REDUCINO   AGENT. 

In  southern  Cahfomia  and  in  other  Western  States  there  are 
rather  large  iron  deposits  of  high-grade  ore  but  coke  is  too  expensive 
to  permit  ordinary  blast-furnace  smelting  and  the  use  of  charcoal 
for  electric-furnace  work  is  entirely  out  of  the  question,  as  there  are  no 
forests  to  furnish  the  wood  necessary  for  its  production.  On  the 
other  hand,  crude  oil  is  generally  rather  plentiful  and  comparatively 
cheap  in  such  districts,  especially  in  California. 

Aside  from  the  possible  use  of  oil  in  collection  with  electiio-fumace 
work,  those  interested  in  the  subject  have  for  years  been  considering 
the  possibility  of  using  crude  oil  as  a  reducing  agent.  So  far  as  the 
authors  know,  the  oil  has  not  as  yet  been  so  used  successfully.  That  ' 
the  carbon  and  the  hydrogen  of  the  oil  will  reduce  iron  oxides  is 
self-evident,  but  as  yet  no  one  seems  to  have  been  able  to  solve  the 
problem  of  bringing  the  ore  and  the  oil  together  at  the  proper  tem- 
perature. As  a  result  of  a  preliminary  investigation  conducted  by 
the  Bureau  of  Mines  as  to  the  possibility  of  using  crude  oil  as  a  reduc- 
ing agent,  it  seems  as  if  about  the  only  manner  in  which  crude  oil 
may  be  used  for  this  purpose  is  first  to  convert  it  into  a  fixed  gas  and 
then  to  introduce  this  into  the  crucible  6{  an  electric  furnace,  thus 
preheating  the  gas  to  such  a  temperature  that  it  will  effectively 
reduce  the  iron  oxides  as  it  passes  up  through  the  shaft  of  the  furnace. 
Be  that  as  it  may,  it  is  to  be  sincerely  hoped  that  ultimately  a  suitable 
process  may  be  devised  whereby  oil  may  be  used  as  a  reducing  agent, 
and  thus  broaden  the  field  for  the  possible  application  of  the  electric 
furnace  in  the  reduction  of  iron  ores. 

USB   OF  ELECTRIC   mON   REDUCTION   FURNACE   AT  PRESENT. 

That  the  electric  furnace  has  been  successful  in  the  smelting  of     i 
iron  ores  in  districts  where  the  conditions  are  favorable  is  shown  by    / 
the  fact  that  10  furnaces  of  the  Swedish  tjrpe  with  a  total  capacity 
of  about  22,000  kilowatts  have  been  erected  in  Sweden,  Norway,  and 
Switzerland.     In  this  country  there  is  one  iron  plant  of  two  dectri     ^ 
furnaces  with  a  total  capacity  of  6,000  kilowatts  in  operation        ^ 
Heroult,  CaL     The  type  of  furnace  used  in  California  is  different^brmer  {jo0 
that  used  in  Sweden,  owing  to  the  fact  that  a  different  grade.-*©  ^'^^iioai 
desired  from  that  produced  in  Sweden;  that  is,  in  Swede,'^'®  ^  ^®* ''     ^^ 
produced  that  is  low  in  silicon  and  carbon  and  particulaif,^!^.^^^^^  *  ijcmtid 
to  steel  making,  whereas  in  California  the  demand  is  for  ^26, 1914, p^  .     ^ 
foundry  iron.  «..-««.  »8o(tP»J 
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As  to  the  advantages  of  the  metal  produced  in  a  Swedish  type  of 
furnace  for  steel  making,  they  have  been  stated  by  Keeney  *  to  be  as 
follows: 

1.  That  it  can  be  converted  into  steel  with  greater  facility  and  at  a  lower  coet. 

2.  That  it  admits  of  greater  economy  in  power  consumption.  * 

3 .  That  it  admits  of  greater  economy  in  reducing  material . 

4.  That  the  carbon  content  can  be  controlled  within  a  limit  of  2.20  per  cent  maxi- 
mum. 

5.  That  the  losses  of  iron  in  the  slag  will  not  exceed  reasonable  limits,  say  6  per  cent 
FeO. 

A  metal  has  been  made  by  the  Noble  Electric  Steel  Co.,  '* quite 
similar  in  both  appearance  and  analysis  to  the  pig  iron  which  was  at 
that  time  reported  as  being  used  successfully  for  steel  making  in 
Sweden,"  concerning  the  use  of  which  Crawford ^  reports  as  follows: 

Stimulated  by  the  results  which  were  being  obtained  in  Sweden  we  made  consider- 
able effort  to  induce  steel  makers  on  the  Pacific  coast  to  try  it.  Finally  by  malnng  a 
very  attractive  price  we  induced  one  firm  to  use  it.  This  concern  operates  both  basic 
and  acid  open-hearths  for  making  concrete  reinforcing  steel.  The  report  of  the  works 
superintendent  on  it  was  rather  indefinite  but  not  enthusiastic.  He  said  ''It  worked 
pretty  well,  but  normal  pig  iron  was  more  satisfactory. ' '  Since  that  time  we  have  sold 
this  concern  about  1,000  tons  of  normal  low-silicon  pig  iron  and  also  a  few  odd  carloads 
of  white  iron  which  approached  in  analysis  pig  steel.  They  advise  that  no  difference 
18  noted  in  the  working  of  normal  electric-furnace  pig  iron  as  compared  to  normal  blast- 
furnace iron  of  similar  analysis.  The  pig  iron  brought  the  market  price,  but  the  pig 
steel  always  had  to  be  offered  on  more  favorable  terms,  and  even  at  a  reduced  price  it 
did  not  call  forth  any  repeat  orders. 

These  remarks  are  not  intended  to  be  construed  as  a  contradiction  of  the  favorable 
reception  which  jng  steel  has  been  accorded  by  the  Swedish  steel  men,  but  it  does 
seem  to  indicate  that  to  gain  the  advantages  claimed  pig  steel  must  be  used  ''according 
to  prescription"  and  a  good  deal  of  "missionary  work''  might  be  necessary  before 
American  steel  makers,  who  have  no  patriotic  interest  in  the  matter,  would  do  the 
necessary  experimenting  to  prove  the  advantages  claimed. 

BNGINEBBS'  BBPOBT  OF  THE  EXPBBIHBNTAL  WORK   AT 

TBOLLHXTTAN. 

The  engineers  in  charge  of  the  experimental  work  at  Trollhattan 
made  the  following  statements  in  their  final  report  according  to  the 
Iron  and  Coal  Trades  Review:  ^ 

QUALmr  OP  PIG  IRON   PRODUCED   IN   ELECTRIC  FURNACE. 

The  silicon  content  does  not  vary  more  than  in  an  ordinary  blast  furnace.  The 
phosphorus  content  is  lower  than  with  the  same  quality  of  charge  in  an  ordinary 
blast  furnace;  this  is  due  to  the  lower  consumption  of  charcoal.  The  percentage 
of  sulphur  is,  however,  slightly  higher  in  the  electric  furnace.  But  it  should  be 
observed  that  both  at  Trollh&ttan  and  at  Hagf  ore  unroasted  ores  have  been  used  with- 
\         out  any  difficulty  arising  from  the  sulphur  present. 


a  KMney,R.  M.,  Pig  steel  from  ore  in  the  electric  furnace:  Bull.  Am.  Inst.  Min.  Eng.,  February,  1914,  pp. 
34»-367.    DiscossioQ,  Ibid,  J.  W.  Richards  and  J.  Crawford,  p.  1280. 
^  ft  Giswfard,  J.,  Disoossion  of  paper  by  R.lLKeeney  on  <' Pig  steel  fh>moce  in  the  electric  ftunaoe:''  Bull. 

^       AnL  Inst  Min.  Eng.,June,  1014,  p.  1280. 
^^  e  Iron  and  Coal  Trades  Review,  1013. 
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furnace  of  the  shaft  type,  the  electric  iron  reduction  shaft  furnace  is 
necessarily  limited  to  the  use  of  charcoal.  Hence  it  is  necessary  that 
such  a  furnace  be  located  in  close  proximity  to  a  well-timbered  r^on, 
where  charcoal  as  well  as  electric  power  can  be  produced  at  a  low  cost. 

POSSIBLE   USE    OF   CRUDE   OIL   AS   A  REDUCING   AG£NT. 

In  southern  California  and  in  other  Western  States  there  are 
rather  large  iron  deposits  of  high-grade  ore  but  coke  is  too  expensive 
to  permit  ordinary  blast-furnace  smelting  and  the  use  of  charcoal 
for  electric-furnace  work  is  entirely  out  of  the  question,  as  there  are  no 
forests  to  furnish  the  wood  necessary  for  its  production.  On  the 
other  hand,  crude  oil  is  generally  rather  plentiful  and  comparatively 
cheap  in  such  districts,  especially  in  California. 

Aside  from  the  possible  use  of  oil  in  connection  with  electric-furnace 
work,  those  interested  in  the  subject  have  for  years  been  considering 
the  possibility  of  using  crude  oil  as  a  reducing  agent.     So  far  as  the 
authors  know,  the  oil  has  not  as  yet  been  so  used  successfully.     That 
the  carbon  and  the  hydrogen  of  the  oil  will  reduce  iron  oxides  is 
self-evident,  but  as  yet  no  one  seems  to  have  been  able  to  solve  the 
problem  of  bringing  the  ore  and  the  oil  together  at  the  proper  tem- 
perature.   As  a  result  of  a  preliminary  investigation  conducted  by 
the  Bureau  of  Mines  as  to  the  possibility  of  using  crude  oil  as  a  reduc- 
ing agent,  it  seems  as  if  about  the  only  manner  in  which  crude  oil 
may  be  used  for  this  purpose  is  first  to  convert  it  into  a  fixed  gas  and 
then  to  introduce  this  into  the  crucible  6i  an  electric  furnace,  thus 
preheating  the  gas  to  such  a  temperature  that  it  will  effectively 
reduce  the  iron  oxides  as  it  passes  up  through  the  shaft  of  the  furnace. 
Be  that  as  it  may,  it  is  to  be  sincerely  hoped  that  ultimately  a  suitable 
process  may  be  devised  whereby  oil  may  be  used  as  a  reducing  agents 
and  thus  broaden  the  field  for  the  possible  application  of  the  electric 
furnace  in  the  reduction  of  iron  ores. 

USB  OF  ELECTRIC   IRON   REDUCTION    FURNACE   AT  PRESENT. 

That  the  electric  furnace  has  been  successful  in  the  smelting  of 
iron  ores  in  districts  where  the  conditions  are  favorable  is  shown  by 
the  fact  that  10  furnaces  of  the  Swedish  type  with  a  total  capacity 
of  about  22,000  kilowatts  have  been  erected  in  Sweden,  Norway,  and 
Switzerland.     In  this  country  there  is  one  iron  plant  of  two  electric 
furnaces  with  a  total  capacity  of  5,000  kilowatts  in  operation  at 
Heroult,  CaL    The  type  of  furnace  used  in  Calif omia  is  different  from 
that  used  in  Sweden,  owing  to  the  fact  that  a  different  grad«'Of  iron  is 
desired  from  that  produced  in  Sweden ;  that  is,  in  Swed'*^  *  metal  is 
produced  that  is  low  in  siUcon  and  carbon  and  particulfufy  well  suited 
to  steel  making,  whereas  in  California  the  demand  is  for*  soft  gray 
foundry  iron. 
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As  to  the  advantages  of  the  metal  produced  in  a  Swedish  type  of 
furnace  for  steel  making,  they  have  been  stated  by  Keeney  *  to  be  as 
follows: 

1 .  That  it  can  be  converted  into  steel  with  greater  facility  and  at  a  lower  coet. 

2.  That  it  admits  of  greater  economy  in  power  consumption.  * 

3 .  That  it  admits  of  greater  economy  in  reducing  material . 

4.  That  the  carbon  content  can  be  controlled  within  a  limit  of  2.20  i>er  cent  maxi- 
mum. 

5.  That  the  losses  of  iron  in  the  slag  will  not  exceed  reasonable  limits,  say  6  per  cent 
FeO. 

A  metal  has  been  made  by  the  Noble  Electric  Steel  Co.,  '* quite 
similar  in  both  appearance  and  analysis  to  the  pig  iron  which  was  at 
that  time  reported  as  being  used  successfully  for  steel  making  in 
Sweden,"  concerning  the  use  of  which  Crawford  ^  reports  as  follows: 

Stimulated  by  the  results  which  were  being  obtained  in  Sweden  we  made  consider- 
able effort  to  induce  steel  makers  on  the  Padfic  coast  to  try  it.  Finally  by  tnalnng  a 
very  attractive  price  we  induced  one  firm  to  use  it.  This  concern  oi>erates  both  basic 
and  acid  open-hearths  for  making  concrete  reinforcing  steel.  The  report  of  the  works 
superintendent  on  it  was  rather  indefinite  but  not  enthusiastic.  He  said  ''It  worked 
pretty  well,  but  normal  pig  iron  was  more  satisfactory. ' '  Since  that  time  we  have  sold 
this  concern  about  1,000  tons  of  normal  low-silicon  pig  iron  and  also  a  few  odd  carloads 
of  white  iron  which  approached  in  analysis  pig  steel.  They  advise  that  no  difference 
is  noted  in  the  working  of  normal  electric-fiunace  pig  iron  as  compared  to  normal  blast- 
furnace iron  of  similar  analysis.  The  pig  iron  brought  the  market  price,  but  the  pig 
steel  always  had  to  be  offered  on  more  favorable  terms,  and  even  at  a  reduced  price  it 
did  not  call  forth  any  repeat  orders. 

These  remarks  are  not  intended  to  be  construed  as  a  contradiction  of  the  favorable 
reception  which  pig  steel  has  been  accorded  by  the  Swedish  steel  men,  but  it  does 
seem  to  indicate  that  to  gain  the  advantages  claimed  pig  steel  must  be  used  ''according 
to  prescription ''  and  a  good  deal  of  "missionary  work"  might  be  necessary  before 
American  steel  makers,  who  have  no  patriotic  interest  in  the  matter,  would  do  the 
necessary  experimenting  to  prove  the  advantages  claimed. 

bnginebbs'  bbpobt  of  the  expbbihbntal  work  at 

tboluiXttan. 

The  engineers  in  charge  of  the  experimental  work  at  Trollh§,ttan 
made  the  following  statements  in  their  final  report  according  to  the 
Iron  and  Coal  Trades  Review:  ^ 

QUAMTY   OP  PIG   IRON   PRODUCED    IN   ELECTRIC   FURNACE. 

The  silicon  content  does  not  vary  more  than  in  an  ordinary  blast  furnace.  The 
phosphorus  content  is  lower  than  with  the  same  quality  of  charge  in  an  ordinary 
blast  furnace;  this  is  due  to  the  lower  consumption  of  charcoal.  The  percentage 
of  sulphur  is,  however,  slightly  higher  in  the  electric  furnace.  But  it  should  be 
obeerved  that  both  at  Trollh&ttan  and  at  Hagfors  unroasted  ores  have  been  used  with- 
out any  difficulty  arising  from  the  sulphiir  present. 

a  EMoey,  R.  IL,  Pig  steel  from  on  In  the  electric  faniace:  BulL  Am.  Inst.  Min.  Eng.,  Febmary,  1914,  pp. 
3«»-a67.    DlsooBskn,  Ibid,  J.  W.  Rlobaids  and  J.  Crawford,  p.  1389. 
'ftGiswfQid,J.,I>i8eaMlonofp^Mrb7R.lLE4eneyon''Pig8teelfromQnlntheeIeotrlotan^     Bull. 

Am.  iMt  Hln.  Eiig.,June,  1914,  p.  1380. 
e  Iron  and  Coal  Trades  Review,  1913. 
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The  quality  of  the  electric  pig  iron  has  been  highly  commended.  It  acts 
particularly  well  in  the  open-hearth  furnace,  and  jteel  made  from  it  is  certainly 
not  inferior  to  steel  made  from  ordinary  pig  iron.  Mr.  E.  Odelbeig,  managing  director 
of  the  Stromsnas  Iron  Works,  states  that  the  electric  pig  iron  is  ''of  the  very  best  quality 
for  the  open-hearth  process,  and,  as  regards  the  uniformity  of  the  silicon  content,  fully 
t»  uniform  as  iron  from  an  ordinary  blast  furnace.*'  Mr.  A.  Herlienus,  managing 
director  of  the  Uddeholm  Co.,  states  that  ''the  electric  pig  iron  has  been  used  with 
satisfactory  results,  both  for  the  open-hearth,  Bessemer,  and  the  Lancashire  processes. 
Generally  speaking,  there  has  been  no  difficulty  in  obtaining  pig  iron  of  uniform 
quality,  although  slightly  better  uniformity  may  possibly  be  obtained  with  a  very 
carefully  conducted  blast  fiunace." 

It  has  been  found  that  the  proportion  of  concentrates  ought  not  to  exceed  20  per  cent 
of  the  ore  chaiged.  This  figure,  however,  does  not  appear  to  be  final,  as  in  a  later  and 
somewhat  modified  furnace  of  the  same  t3rpe  at  the  Hagfors  Iron  Works  25  per  cent  <^ 
concentrates  is  used  without  any  difficulty. 

The  power  consumption  per  ton  of  pig  iron  varies  in  proportion  to  the  iron  content 
in  the  ore.  A  poor  ore  or  pig  iron  high  in  silicon  and  manganese  requires  more  power 
than  a  rich  ore  or  a  pig  iron  low  in  silicon  and  manganese.  For  such  iron  the  power 
consumption  averages  only  2,067  kilowatt-hours  per  ton  of  pig  iron;  that  is,  there  are 
obtained  4.22  tons  of  pig  iron  per  kilowatt-year,  or  3.10  tons  per  horsepower-year. 

The  charcoal  consumption  per  ton  of  pig  iron  varies  from  20  to  24  hectoliters  (56  to  68 
bushels),  depending  on  the  quality  of  the  charcoal  and  the  charge.  Coke  has  been 
found  to  be  unsuitable  for  this  furnace  imless  mixed  with  charcoal . 

The  consumption  of  electrodes  at  Trollh&ttan  has  been  reduced  to  less  than  3  kilo- 
grams (6.6  pounds)  per  ton  of  pig  iron.  At  Hagfors  it  has  amounted  to  as  much  as  6 
to  9  kilograms  (13.2  to  19.8  pounds).  This  discrepancy  is  explained  by  the  fact  that 
the  electrode  consumption  is  increased  in  proportion  to  the  higher  power  consumption 
for  a  poorer  charge,  and  is  further  increased  by  the  more  efficient  circulation  of  gases 
and  higher  CO^  content  in  the  gas.  The  lower  electric  load  per  unit  of  surface  at  the 
Hagfors  furnaces  also  contributes  to  the  higher  electrode  consumption  at  this  plant. 

The  cost  of  repairs  is  lower  than  there  appeared  at  first  to  be  reason  to  expect.  In 
the  manufacture  of  pig  iron  containing  silicon  and  manganese  the  costs  for  repairs 
are  higher  than  in  producing  pig  iron  with  low  contents  of  those  elements. 

VALUE   OF  GAS  PRODUCED. 

At  the  plant  of  the  Uddeholm  Co.,  at  Hagfors,  the  gas  from  the  furnaces  has  been 
used  with  good  results  for  heating  the  open-hearth  furnaces.  It  has  been  estimated 
that  the  value  of  the  gas  obtained  per  ton  of  pig  iron  may  be  taken  at  2.50  kroner 
(about  0.42  cent) .  We  quote  from  the  report  a  summary  of  the  most  important  figures 
relating  to  the  economical  results.  These  show  that  step  by  step  the  results  have 
been  improved  and  the  quantity  of  iron  per  horsepower-year  increased,  whereas  the 
electrode  consimiption  and  time  for  repairs  have  been  reduced,  these  three  items  in 
conjimction  with  the  saving  in  charcoal  being  the  decisive  factors  as  regards  electric 
iron  smelting. 

*'^^  figures  show  that  during  the  last  few  months  as  much  as  3.20  to  3.10  tons  of 
oWltzerlftA^Ti  obtained  per  horsepower-year,  whereas  before  the  alterations  then  made 
furnaces  with-<)ge  figure  was  2.86  tons.  The  highest  expected  yield  was  3  tons  per 
Heroult,  CaL  T^  figure  that  has  thus  been  exceeded.  It  may  also  be  mentioned 
that  used  in  Swed^'^^*  ^^  several  weeks  while  especially  suitable  ores  were  used 
HAQirA/1  f  fV»   f    fig'U'®®  above  mentioned  have  been  materially  exceeded.    It 

aesuiea  irom  tnat  p  ^  regards  efficiency  the  results  of  the  operation  of  the  furnace 
produced  that  is  lowations.  The  electrode  consumpUon  was  13.8  kilograms  (30.4 
to  steel  making,  wheUy  been  reduced  to  about  3  kilograms  (6.6  pounds)  per  ton  of 
foundry  iron.  ^®  required  for  repairs  could  not  be  estimated  beforehand. 
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Experience  has  shown  that  both  the  cost  and  the  time  required  are  less  than  could 
have  been  hoped  for.  Wherever  employment  for  the  gas  can  be  found  this  should 
also  be  taken  into  account,  as  is  being  done  at  Hagfors,  where  its  value  for  firing  the 
open-hearth  furnaces  is  estimated  to  reduce  the  cost  of  the  pig  iron  by  about  66  cents. 

The  results  of  the  work  done  at  TroUh&ttan  in  reducing  iron  ores  in 
the  electric  finmace  are  summarized  in  the  following  table: 

Summary  of  results  obtained  at  TrolJhdttan, 


Item. 


Ore,  oonoentmtes,  and  briquets,  kflogmms. 


Lrimestone,  kfloKraniB 

Cbarooal,  hectoliters. 

Coke,  kilograms 

Elecmc  energy,  kilowatt^oars. 

Iron  content  of  ore,  per  cmt 

Inn  produced,  kilograms 

Slag  per  ton  en  iron,  kilograms 

Electrodes  per  ton  of  iron,  gross,  kilograms 

Electrodes  per  ton  of  iron,  net,  kilograms 

Cbarooal  per  ton  of  iron,  hectoliters. 

Working  time,  hours  and  minutes. 

Time  used  in  mincing  repairs,  hours  and  minutes. . . 
Time  used  in  making  repairs,  per  cent  of  total  time. 

Average  load,  kilowatts 

Time  per  ton  of  iron,  kilowatt-hours 

Iron  per  kilowatt-year,  tons 

Iron  per  horsepower-year,  tons 


Nov.  15, 

mo,  to 

May  29, 

1911. 


4,338,338 

345,405 

85,474.5 


0,339,131 

60.79 

2,636,098 

350 

10.00 

4.96 

24.84 

4,441    20 

230    53 

5.06 

1,427 

2.405 

3.64 

2.68 


Aug.  4, 

1911,  to 

June  21, 

1912. 


7,917,214 

647,479 

107,282.5 

70,854 

10,845,180 

60.75 

4,809,670 

324 

6.06 

5.17 

22.31 

7,218    23 

506      7 

6.55 

1,502 

2.255 

8.88 

2.86 


Aug.  12 
tobept. 
30,1912. 


1,406,530 

108,150 

21,850.5 


1,939,073 

68.67 

965,915 

192 

3.02 

3.02 

22.63 

1,173     8 

13    47 

1.16 

1,653 

2.007 

4.36 

3.20 


October 
to  Decem- 
ber, 1912. 


2,914,830 

168,944 

44,934.5 


3,957,565 

65.38 

1,005,865 


2.78 

2.78 

23.58 

2,158    30 

49    30 

2.24 

1,833 

2.076 

4.22 

3.10 


COPPER. 

PBESBNT  STATUS  OF  THE  ELEGTBIC  SMELTINa  OF  COPPEB  OBES. 

So  far  as  the  writers  know,  the  smeltmg  of  copper  ores  in  the  electric 
furnace  is  not  done  commercially  in  the  United  States  at  the  present 
time.  It  is  reported,  however,  that  in  Norway  smelting  of  copper  ores 
with  an  electric  furnace  of  750  kilowatts  and  an  estimated  capacity 
of  2,000  tons  of  ore  per  annum  has  been  tried  at  the  Hen  Smelting 
Works,  Trondhjem,  and  it  is  understood  that  copper  ores  are  to  be 
smelted  regularly  at  this  plant.  A  consignment  of  25  tons  of  pure 
copper,  the  first  copper  eyer  produced  by  electric  smeltmg  and 
refining  in  Norway,  was  recently  exported  from  the  Bitovaria  mine 
at  Kaafjord,  near  Dyngor.  Some  months  ago  it  was  reported  that 
the  electric  smelting  and  refining  of  nickel  and  copper  would  be 
undertaken  by  a  company  at  Christiansand. 

EXPEBIHENTAL    WOBK    OF    VATTIEB,     SCHILOWSEI,    WOLKOFF, 

AND  OTHEBS. 

In  addition  to  the  work  on  a  commercial  scale  attempted  at  Nor- 
wegian plants,  e^erimental  work  on  the  electric  smelting  of  copper 
ores  has  been  done  by  Vattier,  Schilowski,  Wolkoflf,  Stephan,  and  the 
writers.    Vattier  *  smelted  an  ore  containing  7  per  cent  copper  and 

•  HMoel,  £.,  Beport  of  the  oommiasloa  appointed  to  investigate  the  different  electrothermic  prooeeses 
for  the  mmmith%f[  of  iron  ores  and  the  making  of  steel  in  operation  in  Europe:  Canada,  Department  of  Inter- 
ior, HInflB  Brandt,  1904,  p.  215. 

47000*»— BuU.  77—14 7 


88  THE  BLBCTBIC  FURNACE  IN  METALLUKGICAL  WORK. 

8  per  cent  sulphur  with  the  production  of  a  matte  containing  47.9  per 
cent  copper.  Schilowski^  smelted  mixtures  of  raw  ore  and  roasted 
ore  in  an  electric  furnace  and  produced  a  matte.  He  found  that  the 
consumption  of  energy  was  lowest  when  the  chaise  contained  60  to 
70  per  cent  of  roasted  ore.  Using  an  ore  containing  considerable 
arsenic,  he  found  it  possible  to  condense  the  volatilized  arsenic  in 
chambers.  Wolkoflf*  treated  a  mixture  of  copper  sulphide  (Cu,S) 
and  copper  oxide  (CuO)  in  the  electric  furnace  for  the  production  of 
copper  by  the  reaction  of  the  sulphide  and  the  oxide.  Stephan* 
smdted  oxidized  copper  ores  in  the  electric  furnace  for  the  production 
of  metallic  copper  with  charcoal  as  a  reducing  agent.  In  their 
experimental  work  the  writers  have  smelted  native  copper  concen- 
trates and  sulphide  ores  of  copper  in  the  electric  furnace  with  favorable 
results. 

In  view  of  the  results  of  the  experimental  work  of  the  writers  and 
others,  there  seems  no  good  reason  why  copper-bearing. ores  can  not 
be  as  successfully  treated  in  an  electric  furnace  as  in  a  combustion 
furnace.  In  all  combustion  furnaces  used  for  the  treatment  of  copper 
ores,  the  fuel  takes  no  part  in  the  reactions  necessary  for  the  produc- 
tion of  the  desired  product,  tmless  in  the  reduction  of  oxide  ores 
smelted  alone,  that  is,  without  a  mixture  of  sulphides,  a  step  that  is 
practically  imknown  in  this  country  at  present.  For  example,  in  the 
reverberatory  furnace  the  fuel  acts  only  as  the  heating  agent;  in 
ordinary  blast-furnace  smelting,  the  coke  is  used  to  supply  the  heat 
necessary  to  raise  the  temperature  so  as  to  permit  the  necessary 
reactions  between  the  oxides,  sulphates,  and  sulphides  of  the  charge, 
and  to  scorify  the  resultant  mass,  separation  of  the  slag  and  the 
matte  being  thus  permitted.  In  partial  pyritic  and  in  pyritic 
smelting  the  necessary  oxidation  of  the  sulphides  and  iron  is  pro- 
duced by  the  oxygen  of  the  air  entering  at  the  tuydres,  and  the  coke 
used  is  simply  for  supplying  the  amount  of  heat  necessary  for  carrying 
out  the  process,  which  is  not  supplied  by  the  oxidation  of  the  sulphiu* 
and  the  iron  present  in  the  charge  at  the  time  it  passes  through  the 
tuydre  zone  of  the  furnace.  Such  being  the  case,  there  seems  to  be 
no  reason  why  the  smelting  of  copper  ores  could  not  be  done  just 
as  well  by  electric  heat  as  by  that  derived  from  the  combustion  of 
coke,  especially  if  warranted  by  local  conditions. 

SXJHMABY. 

Briefly,  then,  the  electric  smelting  of  copper  ores  is  nothing  more 
than  the  substitution  of  electric  heat  for  the  heat  derived  from  the 


•  Schllowski,  J.,  La  fusion  electriqne  de  eaivn  et  des  prodolts  tntermediares  de  fonderies  de  cuiTTe: 
Revu0  de  M^taUurgfe,  vol.  9, 1012,  p.  a05. 

*  Woikoff,  W.,  Electric  smolting  of  oopiMr  sulphide  ore:  Metallurgie,  vol.  7, 1010,  p.  00. 

<  Stephan,  U,,  Eluigen  Aber  die  Bneugung  von  Metallen  tm  elektiiscben  Ofen:  Metall  und  En,  vol.  1, 
13,  p.  11;  Met.  and  Cbem.  Eng.,  vol.  2, 1013,  p.  22. 
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combustion  of  carbon  as  produced  in  blast-furnace  smelting.  In 
some  cases  the  reactions  of  copper  smelting  would  take  place  to  better 
advantage  in  the  neutral  atmosphere  of  the  electric  furnace  than  in 
the  reducing  or  partly  reducing  atmosphere  of  the  combustion  fur- 
nace. Therefore  as  to  whether  the  electric  furnace  should  be  used 
for  the  smelting  of  copper  ores  will  largely  depend  on  the  relative  cost 
of  coke  and  electric  power.  As  the  use  of  the  electric  furnace  is  not 
advocated  as  a  competitor  of  the  combustion  furnace,  but  as  a  substi- 
tute for  it  in  those  localities  where  it  is  not  advisable  because  of  the 
high  cost  of  fuel  to  use  a  combustion  furnace,  there  is  no  apparent 
reason  why  the  electric  furnace  may  not  be  developed  as  a  substitute, 
especially  in  the  treatment  of  copper-bearing  ores.  In  this  connec- 
tion it  is  to  be  remembered  that  the  reason  why  the  electric  furnace 
was  developed  in  the  iron  industry  for  the  reduction  of  iron  from  its 
ores  was  one  of  necessity.  As  a  matter  of  fact  the  field  for  the  electric 
furnace  in  the  reduction  of  iron  from  its  ores  is  limited.  Perhaps  the 
same  is  true  as  regards  the  possible  application  of  the  electric  furnace 
to  the  treatment  of  copper  ores,  but,  judging  from  the  comparative 
costs,  it  seems  that  the  chances  in  favor  of  the  electric  furnace  for  the 
treatment  of  copper  ores  are  greater  than  those  for  its  use  in  the 
treatment  of  iron  ores,  because  there  is  not  so  great  a  difference  in 
the  cost  of  coke  and  electric  power  in  the  copper-mining  districts  as 
in  the  iron-smelting  centers.  Also  the  cost  of  electric  power  is  con- 
stantly becoming  less,  owing  to  improvements  in  gas  engines  and 
steam  turbines,  so  that  in  districts  where  water  power  is  not  plenti- 
ful, but  cheap  fuels  unsuitable  for  coke  making  are  available,  it  may 
be  more  advantageous  to  use  electric  heat  than  the  heat  derived  from 
the  combustion  of  coke. 

I^BAB  ORES  AND  COMPIiEX  SULPHIDE  ORES. 

The  smelting  of  straight  lead  ores  in  the  electric  furnace  has  seem- 
in^y  never  been  attempted  either  commercially  or  on  a  lai^e  experi- 
mental scale,  lai^ely  because  of  the  ease  and  cheapness  of  smelting 
such  ores  by  combustion  processes.  For  the  smelting  of  ordinary 
lead  ores  it  has  no  especial  application,  but  in  the  treatment  of  com- 
plex sulphide  ores  the  electric  furnace  mi^ht  be  profitably  used. 

As  stated  elsewhere  in  this  report,  ores  of  lead,  zinc,  and  silver  are 
being  electrically  smelted  at  T^lh&ttan.  During  the  smelting  the 
lead  collects  in  the  bottom  of  the  finmace  and  acts  as  a  collecting  agent 
for  the  sUver;  the  zinc  is  volatilia^d  and  is  subsequently  condensed. 
In  TTTiiTiing  districts  of  the  Western  States  are  complex  ores  of  lead, 
zinc,  copper,  gold,  and  silver  that  might  be  profitably  treated  in  this 
manner,  except  that  if  copper  were  present  the  process  would  be 
further  complicated  by  the  formation  of  a  matte.     With  the  solution 
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of  the  zinc-condensation  problem  in  electric-furnace  work,  it  is  not 
unreasonable  to  suppose  that  such  complex  ores  can  be  electrically 
smelted  with  a  fair  recovery  of  the  base  metals^  and  with  a  high 
recovery  of  the  precious  metals.  Also,  owing  to  the  fact  that  practi- 
cally as  high  a  temperatiu'e  as  may  be  desired  may  be  obtained  in  the 
electric  furnace,  it  would  be  possible  to  smelt  complex  ores  that  are 
high  in  gold  and  silver  content  but  low  in  base  metals,  such  as  lead 
and  zinc.  Such  recovery  would  be  worth  the  additional  expense  of 
wet  concentration.  In  the  blast  furnace  10  per  cent  of  zinc  in  the 
charge  causes  sticky  sli^,  and  a  much  higher  percentage  makes  the 
operation  of  the  furnace  irregular  and  difficult.  Such  slags  can  be 
fused  readily  in  an  electric  furnace.  If  the  ore  contained  copper  and 
zinc,  the  ore  could  be  chained  into  an  electric  blast  furnace,  matte 
being  used  as  an  agent  for  collecting  the  gold  and  silver. 

GOIiD  AND  SIIiVER  ORES. 

In  the  smelting  of  gold  and  silver  ores  carrying  no  lead  or  copper  to 
form  either  a  lead  bidlion  or  a  copper  matte,  but  containing  iron  sul- 
phide, the  electric  furnace  might  be  used  in  connection  with  an  air 
blast  for  oxidation  of  the  iron  sulphide,  an  iron  matte  being  used  as  a 
collecting  agent  for  the  gold  and  silver.  The  value  of  iron  matte  as  a 
collecting  agent  is  still  lai^ely  a  matter  of  personal  opinion,  but  from 
the  pyritic  smelting  done  with  iron  as  a  collecting  agent  and  from 
some  of  the  writers'  experiments  in  which  iron  matte  was  used  in  the 
electric  furnace,  it  is  evident  that  a  fair  recovery  can  be  made  in  this 
way.  As  in  electric  copper  smelting,  the  electric-furnace  treatment 
of  these  ores  is  still  in  the  experimental  stage. 

Recentiy  a  plant  has  been  installed  at  liuvia  de  Oro,  Chihuahua, 
Mexico,  for  the  electric  melting  of  zinc  cyanide  precipitate  and  the 
smelting  of  ore  concentrates.**  The  gold-silver  bullion  resulting  is 
shipped  and  the  slag  resmelted  or  concentrated.  The  process 
appears  to  be  successful  in  this  application. 

The  writers  believe  that  at  many  mines  in  isolated  districts  where 
fuel  is  usually  high  and  where  hydroelectric  power  is  used  for  the 
mine  or  mill,  the  cyanide  precipitates  could  be  melted  more  econom- 
ically in  electric  furnaces  than  in  combustion  furnaces.  The  con- 
struction of  a  small  furnace  of  the  Siemens  type  is  simple  and  inex- 
pensive. By  using  the  electric  furnace  when  one  of  the  units  of  the 
mill  is  idle  for  repairs  or  during  the  mine  shift  when  littie  hoisting  or 
drilling  is  being  done,  no  additional  electrical  installation  would  be 
necessary.  Thus,  power  that  under  ordinary  conditions  is  wasted 
will  be  utilized. 

a  Coalillii,  H.  R.,  SlMtrlo  foniAoe  at  Llavto  d«  Oro:  Bng.  and  MIq.  Jour.,  voL  08, 1912,  p.  1189. 
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ZINC. 

In  the  metalliiTgy  of  nonf errous  metals  the  electric  furnace  has  had 
a  greater  application  for  the  treatment  of  zinc  ores  than  in  the  metal- 
lui^  of  any  of  the  other  nonferrons  metals  except  aluminum.  Since 
1885,  when  an  electric  furnace  for  the  treatment  of  zinc  ores  was  patented 
by  the  Cowles  brothers,  experimental  work  has  been  done.  However, 
the  process  has  not  been  applied  to  any  great  extent  because  of  the 
difficulty  of  condensing  the  zinc  vapor  produced  in  smelting  in  the 
electric  furnace.  The  cause  of  this  difficulty  has  not  yet  been  defi- 
nitely determined.  With  few  exceptions  the  work  has  not  been  done 
on  a  very  lai^e  scale,  and  so  it  may  be  said  that  the  electric  smelting 
of  zinc  ores  is  still  in  the  experimental  stage. 

Undoubtedly  there  is  an  inviting  field  for  the  electric  furnace  in  the 
metallui^  of  zinc,  but  before  its  wide  application  can  be  expected  the 
condensation  problem  and  various  mechanical  problems  must  be 
solved.  The  latter  should  not  prove  difficult.  The  special  field  for 
electric-furnace  work  in  zinc  metallui^y  is  due  lai^ely  to  the  low 
thermal  efficiency  of  the  present  zinc  retort,  which  is  given  by  Rich- 
ards *  as  only  7  per  cent. 

As  the  efficiency  of  the  electric  furnace  is  50  to  75  per  cent,  the 
difference  in  the  heat  necessary  for  carrying  out  the  smelting  opera- 
tion is  so  great  as  to  permit  a  higher  cost  of  electrical  energy  than  is 
permissible  in  many  electrometaUm^cal  operations. 

In  this  report  the  writers  discuss  broadly  and  briefly  the  present 
methods  of  retort  smelting,  experimental  work  on  the  electric  smelting 
of  zinc  ores,  and  the  present  status  of  electric  zinc  smelting.  The  Bu- 
reau of  Mines  is  investigating  the  electrometallurgy  of  zinc  ores,  and 
the  results  of  experimental  work,  together  with  a  complete  r6sum6  of 
literature  on  the  subject,  will  be  presented  at  a  later  date. 

PBESBNT  METHODS  OF  ZINC  SMELTINa. 

Briefly,  the  present  method  of  zinc  smelting  consists  of  the  roasting 
of  sphalerite  (ZnS)  to  zinc  oxide  (ZnO).  The  roasted  ore  is  then 
smelted  with  excess  carbon  as  a  reducing  agent  in  a  closed  fire-clay 
retort  having  a  condenser  attached.  The  zinc  oxide  is  reduced  to  zinc 
at  a  temperature  of  1,033®  C.  and  as  the  boiling  point  of  zinc,  accord- 
ing to  various  authorities,  is  from  920°  to  930°  C,  the  reduced  zinc 
passes  off  as  a  vapor  and  is  condensed  as  liquid  metal  in  a  condenser. 
In  order  to  make  the  reaction  more  rapid  the  temperature  of  the  retort 
is  kept  at  1,100°  to  1,300°  C. 

Zinc  vapor  condenses  into  a  liquid  mass  in  the  range  of  temperature 
from  420°  to  860°  C.  The  lower  temperature  is  that  of  solidification 
of  anc^  and  the  upper  approaches  the  vaporization  point.    In  practice 

a  Bidiaidi,  J.  W.,  Metallarglcal  oaloulatioiis,  pt.  1, 1906,  p.  80. 
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it  is  the  aim  to  keep  the  temperature  at  500^  C,  so  that  the  zinc  can 
be  tapped  off  molten  from  the  retort.  If  the  temperature  of  the  con- 
denser is  too  low  the  vapor  is  too  dilute,  or  if  the  vapor  is  diluted  with 
some  carbon  dioxide  instead  of  carbon  monoxide,  or  with  metallic 
vapors  other  than  zinc,  there  will  be  a  formation  of  blue  powder,  which 
consists  of  minute  particles  of  zinc,  each  particle  seemingly  covered 
by  a  thin  coating  of  zinc  oxide.  Because  of  this  coating  of  oxide  the 
powder  can  not  be  converted  to  spelter  by  simple  melting. 

The  process  is  intermittent  and  a  retort  holds  only  about  200 
poxmds  of  mixture.  A  chaige  is  smelted,  the  zinc  removed  from  the 
condenser,  and  the  residue  raked  out  of  the  retort.  Because  of  the 
small  scale  and  intermittent  nature  of  the  operation  the  labor  cost  is 
high.  Likewise  the  thermal  efficiency  is  low  because  of  the  heat 
being  conducted  to  the  chaise  through  the  furnace  walls.  The  retorts 
are  an  expensive  feature  of  the  process,  as  at  the  high  temperature 
necessary  they  last  only  about  a  month. 

ZINC  SKBLTINa  IN  THE  ELECTBIC  FXJBNACB. 

Processes  for  the  electric  smelting  of  zinc  ores  are  of  two  general 
classes — ^first,  reduction  of  the  zinc  oxide  and  its  compounds  by  car- 
bon and  carbon  monoxide,  and,  second,  decomposition  of  the  sulphide 
by  metallic  iron.  Examples  of  the  first  method  are  the  De  Lav^  and 
Johnson  processes,  and  of  the  latter,  the  Cote-Pierron  and  Imbert^ 
Thomson-Fitzgerald  processes.  Reduction  of  zinc  oxide  with  carbon 
is  based  upon  the  reactions 

ZnO+  C=Zn-f-CO 
ZnO+CO=Zn-f-CO, 
00,+   0=2  00 

The  use  of  iron  is  according  to  the  reaction 

ZiiS,+Fe=Zn-t-FeS, 

In  neither  of  these  processes  does  the  electric  current  perform  any 
function  other  than  heating.  As  alternating  current  is  supplied  to 
the  furnace,  there  b  no  electrolysis.  As  is  shown  later,  the  process 
may  be  performed  in  either  an  arc  or  a  resistance  furnace. 

One  essential  difference  between  the  reduction  of  zinc  oxide  with 
carbon  in  an  electric  furnace  and  in  the  retort  is  that  the  retort  process 
is  intermittent,  whereas  the  electric  process  may  be  continuous.  In 
the  electric  fmnace  the  chaise  is  added  at  intervals,  as  may  be  neces- 
sary, and  the  slag  is  tapped  or  allowed  to  nm  continuously  from  the 
furnace  without  disturbing  the  operation  of  the  process.  The  reduc- 
tion by  carbon  or  carbon  monoxide  occurs  as  in  the  retort,  except 
that  owing  to  the  rapidity  of  reduction  in  the  electric  furnaces  as  at 
present  designed  the  third  reaction  seemingly  does  not  take  place  as 
yell  in  the  electric  furnace  as  in  the  retort,  so  that  the  zinc  vapor  cop 
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tains  more  carbon  dioxide,  which  has  a  bad  effect  on  the  condensa- 
tion and  results  in  the  production  of  a  large  amount  of  blue  powder. 
Various  attempts  have  been  made  to  obviate  this  evil,  the  principal 
one  being  the  passing  of  the  vapor  through  incandescent  carbon 
before  it  enters  the  condenser. 

ELEGTBIC  ZINC  SMELTma  AT  TROLLHXTTAN  AND  SABPSBOBQ. 

The  largest  plant  in  conmiercial  operation  fbr  the  electric  smelting 
of  zinc  ores  is  that  of  the  Norse  Power  &  Smelting  Syndicate  at 
Trollh&ttan,  Sweden,  which  also  has  a  smaller  works  at  Sarpsborg, 
Norway. 

EQUIPMENT  AT  THE  TWO  PLANTS. 

The  TroUhattan  plant  has  a  furnace  house  300  by  52  feet,  which 
contains  11  resistance  furnaces^  6  on  one  side  of  the  building  and 
5  on  the  other.  There  are  also  two  refining  furnaces  and  several 
arc  furnaces.  In  1912  it  was  reported  that  the  new  furnace  house, 
then  partly  erected,  was  to  contain  eight  furnaces  of  600  to  900  kilo- 
watts each.  The  old  furnaces  each  have  a  capacity  of  270  kilowatts. 
The  total  power  now  being  used  at  the  works  is  3,000  kilowatts,  and 
with  the  new  installation  it  will  be  7,500  to  10,000  kilowatts. 

The  Sarpsborg  plant  has  three  arc  fmnaces  and  foiu*  refining 
furnaces. 

For  the  past  six  or  seven  years  zinc  smelting  has  been  conducted 
at  these  works  in  the  De  Laval  furnace,  but  part  of  the  product  has 
been  the  result  of  refining  dross  and  scrap.  It  is  stated  that  now  ore 
smelting,  in  which  carbon  is  used  as  a  reducing  agent,  is  being  carried 
on  and  that  regular  shipments  of  finished  zinc  were  made  during  tl^e 
year  1912.  The  only  information  available  about  the  works  is  con- 
tained in  Harbord's  report  *  published  in  1911,  as  everything  in 
regard  to  the  process  and  the  results  obtained  is  kept  as  secret  as 
possible. 

SMELTING  PBOOESS. 

The  smelting  process  consists  essentially  pf  two  operations,  con- 
centration of  the  zinc  to  a  rich  oxide,  followed  by  reduction  in  another 
furnace.  Oxide  ore,  flux,  and  carbon  used  as  reducing  materials,  are 
charged  into  the  furnace,  where  most  of  the  zinc  and  some  of  the  lead 
are  volatilized  and  condensed,  partly  as  metal  and  partly  as  blue 
powder  and  oxide,  containing  54  per  cent  zinc  and  20  per  cent  lead- 
This  is  really  a  concentration  process,  for  the  blue  powder  is  subse- 
quently mixed  with  ore  and  recharged,  when  a  larger  percentage  of 
the  metal  volatilized  is  recovered  as  metal.  The  remainder  of  the 
lead,  which  carries  some  silver,  is  reduced  to  metal  in  the  smelting 
hearth  and  is  tapped  with  the  slag.  Some  lead,  zinc,  and  silver  passes 
into  the  matte  and  some  into  the  slag. 

•  Harbord,  F.  W.,  Zino  smelting  at  Trollh&ttan:  Eng.  and  Min.  Joor.,  toL  93,,  1013,  p.  344. 
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Each  furnace  is  of  a  modified  Siemens  type  with  a  shallow  hearth 
and  covered  with  a  roof.  A  carbon  block  bottom  forms  one  electrode 
and  the  other  passes  vertically  through  the  roof.  In  some  furnaces 
the  ore  is  charged  through  the  roof,  in  others  at  one  side  of  the  elec- 
trode, whereas  others  have  been  designed  having  a  continuous  side 
feed.  Three-phase  current  is  transformed  from  10,000  volts  to  110 
volts  at  the  furnaces.  The  furnaces  are  connected  one  to  a  phase. 
The  capacity  of  a  270-kilowatt  resistance  fmnace  is  2.8  tons  of  ore 
per  24  hours.  Each  fmnace  holds  about  3  tons.  A  condenser  is 
attached  to  each  furnace. 

The  charge  used  by  Harbord  consisted  of  600  pounds  of  roasted 
Broken  Hill  slime,  22  pounds  of  calamine,  and  165  pounds  of  coke. 
Broken  Hill  slime  averages  32  per  cent  zinc,  23  per  cent  lead,  and  25 
ounces  per  ton  silver.  The  powder  resulting  from  this  charge  was 
resmelted  in  another  fmnace,  the  chaige  being  220  pounds  of  roasted 
Broken  Hill  slime,  440  pounds  of  powder,  55  pounds  of  coke  dust,  and 
11  poimds  of  lime.  Three  furnaces  were  operated  on  ore  mixture, 
and  foTU*  furnaces  on  ore-powder  mixtTU*e.  At  the  end  of  the  second 
day  the  ore  furnaces  were  making  sufficient  powder  to  supply  the 
powder  furnaces.  The  furnace  condensers  were  tapped  every  four 
hours  for  crude  zinc  and  powder,  and  the  slag,  matte,  and  lead  were 
tapped  about  every  eight  hours. 

RESULTS  OF  OPERATION  OF  FURNACES. 

During  the  first  part  of  the  nm  the  slags  were  not  clean  because  of 
imperfect  separation  of  matte  and  slag.  This  fault  was  caused  by 
the  use  of  too  basic  a  slag  and  by  imperfect  mixing  of  the  charge. 
Toward  the  end  of  the  work  this  was  improved  considerably.  There 
was  also  considerable  trouble  experienced  in  changing  electrodes, 
owing  to  defective  mechanical  apparatus,  a  difficulty  that  could  easily 
be  remedied  in  a  new  plant.  There  were  no  serious  stoppages  caused 
by  failure  of  the  furnaces. 

In  27.58  days  the  seven  fmnaces  smelted  578  metric  tons  of  roasted 
Broken  Hill  slimes,  19  tons  of  calamine,  and  22.5  tons  of  blue  powder 
from  stock.  From  this  material  there  was  produced  160.8  tons  of 
crude  zinc  and  36  tons  of  powder.  At  the  end  of  the  nm  there  was 
13.4  tons  more  powder  on  hand  than  at  the  beginning.  The  crude 
metal  averaged  79  per  cent  zinc,  20  per  cent  lead,  and  0.6  per  cent  iron. 
From  this  there  was  produced  on  refining  112.4  tons  of  spelter  con- 
taining 99.9  per  cent  zinc  and  24.7  tons  of  lead.  The  lead  tapped 
with  the  slag  was  remelted  to  remove  the  slag.  This  yielded  41  tons 
of  marketable  bullion,  containing  141  ounces  of  silver  per  ton.  There 
was  also  obtained  17  tons  of  leak  lead,  assaying  27  ounces  silver  per 
ton.  In  addition  there  was  9  tons  of  skinmiings  which  contained 
lead,  zinc,  and  silver.    The  total  input  of  metals  was  204.04  tons  of 
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zinc,  128.35  tons  of  lead,  and  15,750  ounces  of  silver.  Thus  with  537 
tons  of  ore  charged  the  charge  averaged  38. 1  per  cent  zinc  and  24  per 
cent  lead.  The  extraction  as  metals  was  130.46  tons  of  zinc,  94.94 
tons  of  lead,  and  7,230  ounces  of  silver.  The  yield  as  metals  was  then 
64  per  cent  zinc,  73.99  per  cent  lead,  and  45.9  per  cent  silver.  In- 
cluding the  metals  in  the  powder  left  the  yield  was  73.4  per  cent 
zinc,  79.3  per  cent  lead,  and  49.5  per  cent  silver. 

At  the  Sarpsborg  plant  the  electrothermic-refining  results  on  the 
crude  spelter  from  the  powder  furnaces  were  as  follows:  Fine  zinc 
83.9  per  cent,  powder  9.8  per  cent  (corresponds  to  8.8  per  cent  metals), 
residues  of  lead,  etc.,  2.2  per  cent,  charge  in  furnace  1.1  per  cent, 
impregnations  in  brick  walls  of  furnace  and  condenser  0.5  per  cent, 
unaccounted  for  3.5  per  cent,  total  100  per  cent.  The  effect  of  a  new 
lining  is  shown  by  the  loss  imaccounted  for,  being  5.7  per  cent  at 
Trollhattan  during  the  experimental  nm,  as  compared  with  3.5  per 
cent  in  regular  running  at  Sarpsborg. 

The  consumption  of  electric  current  in  the  experimental  run  at 
Trollhattan  averaged  2,078  kilowatt-hours  per  ton  of  ore  smelted, 
which  does  not  include  current  used  in  resmelting  the  powder.  Two 
tons  of  powder  was  retreated  per  ton  of  ore  smelted.  A  comparison 
of  the  resistance  furnaces  at  Trollhi^ttan  with  the  arc  furnaces  at 
Sarpsborg  shows  that  while  one  was  as  good  as  the  other  for  producing 
the  desired  reaction,  the  energy  consumption  was  70  per  cent  more 
in  the  arc  than  in  the  resistance  furnace.  The  consumption  of  elec- 
trodes was  also  higher  in  the  arc  than  in  the  resistance  f  lunace,  being 
89.2  poimds  per  ton  of  ore  at  Sarpsborg  and  69.3  pomids  per  ton  at 
Trollhattan. 

COMMENTS  BT  HABBOBD  AND  MOULDEN. 

Regarding  the  process,  Harbord  "  reports  as  follows: 

^e  weak  point  of  the  process  is  the  large  amount  of  metallic  powder  produced  in 
proportion  to  the  metals.  The  recovery  of  a  laige  percentage  of  metals  is  admittedly 
a  very  difficult  problem,  but  that  present  practice  can  be  very  greatly  improved  upon 
I  have  not  the  least  doubt,  leading  to  decreased  consumption  of  eneigy  and  reduction 
of  labor  costs.  One  detail  which  is  a  great  improvement  on  the  early  practice  is  the 
better  separation  of  the  crude  zinc  from  the  powder  by  a  mechanical  stirrer. 

At  the  time  Harbord  made  his  report,  J.  C.  Moulden,*  who  is  con- 
nected with  a  company  (the  Sulphide  Corporation)  that  ships  the 
Broken  Hill  slimes  used  at  Trollhattan,  stated  that  he  was  of  the 
opinion  that  the  extraction,  after  certain  improvements  should  be 
niade,  would  eventually  be  75  per  cent  zinc,  80  per  cent  lead,  and  80 
per  cent  silver. 

The  cost  of  power  at  Trollh&ttan  is  about  $10  per  kilowatt-year  or 
0.11  cent  per  kilowatt-hour. 

•  Hnbofd,  F.  W.,  ZIno  smeltiiig  at  TroUhftttan:  Bog.  and  Mln.  Jour.,  vol.  «3, 1912,  p.  844. 
^  Met.  and  Cbem.  Eng.,  voL  0, 1011,  p.  073. 
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BZPBBDCBNTS  AT  H'aiLL  ITNIVEBSITY. 

For  several  years  extensive  experimental  work  on  a  laboratoiy 
scale  has  been  conducted  under  the  direction  of  Dr.  Alfred  Stansfield 
and  Mr.  W.  R.  IngaUs.^  This  experimental  work  has  been  lai^ely 
directed  toward  a  study  of  the  condensation  problem  and  the  speed 
of  reduction.  Uncommonly  high  percentages  of  carbon  dioxide  were 
found  in  the  gases  from  liie  electric  furnace,  which,  as  previously 
stated,  prevents  condensation  of  the  zinc  as  metal  by  oxidizing  the 
condensing  globules  of  the  zinc  and  preventing  coagulation.  Other 
experimenters  have  noted  this  difficulty,  as  well  as  the  presence  of 
considerable  quantities  of  carbon  and  ore  dust  in  the  condenser. 
The  latter  are  believed  to  be  due  to  the  stirring  up  of  dust  in  feeding 
the  chaige  into  the  furnace. 

Experiments  were  also  conducted  on  the  reduction  of  zinc  oxide 
in  an  intermittently  heated  retort.  The  charge  was  introduced  into 
the  retort  at  the  beginning  of  the  operation  and  at  the  end  the  residue 
was  discharged  as  an  unfused  residue.  Reduction  took  place  slowly 
and  the  results  obtained  showed  that  although  it  might  have  been 
possible  to  operate  the  process  continuously,  such  a  course  was  not 
feasible.  YHien  the  furnace  was  started  with  a  bath  of  slag  and  the 
chaige  introduced  continuously  upon  the  bath,  the  reduction  became 
relatively  rapid.  No  explanations  were  given  for  this  increase,  but 
IngaUs  states  that  a  retort  of  small  proportions  smelts  a  surprisingly 
large  quantity  of  chaige  by  comparison  with  the  retort  of  ordinary 
practice  at  an  equivalent  temperature.  With  a  furnace  consisting  of 
a  plumbago  crucible  12  inches  in  diameter,  10  pounds  of  ore  per  hour 
was  smelted.  With  a  furnace  18  by  18  inches  in  horizontal  section, 
737  pounds  was  smelted  in  23  hours.  However,  the  statements  as 
published  are  not  complete.  The  output  of  an  electric  furnace  is 
due  chiefly  to  the  energy  input  and  not  to  the  interior  volume  of  the 
furnace.  The  capacity  in  kilowatts  of  the  furnaces  used  is  not  given, 
but  it  is  clear  that,  in  comparison  with  a  combustion  retort,  the 
electric  furnace  has  a  high  output  per  imit  of  interior  volume. 

As  the  electric  furnace  may  have  a  high  temperature,  most  of  the 
zinc  may  be  driven  off,  a  low  zinc  slag  being  left  to  be  tapped  from 
the  furnace.  A  calcareous  slag  as  well  as  a  high  temperature  is  also 
necessary.  In  the  experiments  at  McQiU  University,  the  slags  con- 
tained less  than  1  per  cent  of  zinc. 

Interesting  figures  of  power  consumption  were  obtained  in  the 
experiments  at  McGilL  In  one  run  lasting  24  hours,  with  a  resistance 
furnace  18  by  18  inches,  the  power  consumption  was  1,610  kilowatt- 
hours  per  short  ton  of  ore  smelted.  Theoretically  it  is  estimated 
that  955  to  1,060  kilowatt-hours  per  short  ton  of  ore  is  necessary  to 

•  iDfilli,  W.  R.,  The  electric  imelting  of  tine  ores:  Eng.  and  Min.  Jour.,  voL  94,  1913,  p.  7. 


ZINC.  97 

smelt  ordinary  zinc  ore.  Ingalls  concluded  that  a  figure  of  1,200 
kilowatt-honrs  per  short  ton  would  be  ample.  He  also  concluded 
that  there  is  some  chance  for  electric  zinc  smelting  if  such  smelting 
can  be  done  with  1,200  kilowatt-hours  per  ton  of  ore,  if  the  labor  and 
electrode  costs  can  be  reduced  materially,  and  if  90  per  cent  of  the 
metals  can  be  extracted. 

Previous  to  the  experiments  of  Stansfield  and  Ingalls,  Stansfield 
and  Reynolds  conducted  experiments  on  the  smelting  of  lead  and 
zinc  sulphide  ores  carrying  silver,  with  the  intention  of  dtatiHing  and 
condensing  the  zinc,  and  reducing  the  lead  in  the  molten  form,  thus 
collecting  the  silver.  The  experiments  showed  the  possibility  of 
smelting  the  ores  in  the  manner  indicated,  and  the  extraction  of  lead 
was  particularly  satisfactory.  The  later  work  of  Stansfield  and 
Ingalls  verified  the  former  results  and  ores  of  this  class  are  now  being 
treated  at  TroUhHttan. 

EZPEBIHBNTS  OF  JOHNSON. 

One  of  the  most  persistent  investigators  of  the  electric  smelting  of 
zinc  ores  is  W.  M.  Johnson,^  who  has  conducted  experiments  on  a 
large  laboratory  scale  for  several  years.  His  furnace  has  vertical 
upper  electrodes  of  carbon  and  a  carbon  conducting  hearth.  The  ore 
is  fed  through  the  roof  of  the  smelting  chamber.  There  are  several 
tap  holes  at  different  levels.  The  zinc  vapor  passes  through  a  flue 
into  an  adjacent  column  of  carbon  which  is  heated  by  the  passage  of 
the  electric  current.  During  the  downward  passage  of  the  vapor 
through  the  hot  carbon,  the  carbon  dioxide  is  supposed  to  be  reduced 
to  monoxide.  The  vapor  then  passes  into  a  condenser,  where  most 
of  the  zinc  is  condensed  as  metal  and  some  as  blue  powder.  The 
furnace  is  operated  continuously.  The  ore  is  preheated  by  gas  to 
900®  C.  before  entering  the  electric  furnace. 

Except  for  a  few  statements,  the  information  printed  about  the 
work  done  by  Johnson  does  not  clearly  show  the  extent  to  which  he 
has  carried  condensation  without  the  formation  of  blue  powder,  but 
the  use  of  a  column  of  hot  carbon  to  reduce  the  carbon  dioxide  in  the 
vapor  seems  to  have  helped  to  lower  the  percentage  of  blue  powder 
formed. 

BliBCfTBIC  aXBLTINa  OF  ZINC  ST7LPHIDE  ORES  WITH  IBON  AS  A 

DESULPHXTBIZINa  AGENT. 

The  two  chief  exponents  of  the  use  of  iron  as  a  desulphurizing  agent 
in  the  electric  smelting  of  zinc  sulphide  are  the  Imbert  and  Cote- 
Pierron  processes.  Imbert  tested  the  reaction,  without  much  success, 
in  the  combustion  furnace.  Thomson  and  Fitzgerald  later  designed 
an  electric  furnace  for  its  application. 

a  Johnson,  W.  U.,  Notes  on  eleotrio  sine  smelting:  Met.  and  Chem.  Bng.,  vol.  10, 1913,  p.  637. 
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Although  the  Imbert-Thomson-Fitzgerald  process  has  been  tried 
experimentally  on  a  seemingly  large  scale  for  two  years  m  Upper 
Silesia,  little  authoritative  information  has  been  issued  concerning  it. 
Several  types  of  resistance  furnace  have  been  used^  all  having  a  resistor 
of  solid  carbon. 

The  Cote-Pierron  process*  uses  a  furnace  of  the  Siemens  type,  or 
one  having  the  two  vertical  electrodes  in  series,  both  types  being 
roofed  and  connected  with  a  column  of  electrically  heated  carbon, 
through  which  the  vapor  passes  before  going  to  the  condensing 
chamber. 

The  same  trouble  has  been  experienced  in  using  iron  as  in  using 
carbon  for  reduction  of  the  zinc  oxide,  namely,  the  proportion  of 
blue  powder  formed.  It  seems  that  iron  and  iron  sulphide  are 
volatilized  and  that  other  vapors  are  given  off  which  dilute  the  zinc 
vapor  and  cause  trouble  in  the  condensation  of  the  zinc.  Even  with 
the  column  of  carbon  of  the  Cote-Pierron  process  this  trouble  con- 
tinued. Moreover,  the  Cote-Pierron  process  does  not  appear  to 
have  developed  into  the  commercial  success  it  was  expected  to  be. 

Although  it  is  claimed  that  the  use  of  iron  as  a  desulphurizing 
agent  in  the  direct  treatment  of  sulphide  ores  avoids  roasting,  it  is 
probable  that  any  saving  thus  effected  is  more  than  offset  by  the 
cost  of  ron.  For  carrying  out  the  reaction,  about  700  pounds  of 
iron  is  stated  to  be  necessary  per  ton  of  30  per  cent  zinc  ore.  At  $12 
per  ton  the  cost  of  iron  would  be  about  $4  per  ton  of  zinc  sulphide  ore 
treated.  The  cost  of  roasting  a  zinc  sulphide  ore  is  estimated  by 
IngaUs  at  $1.25  to  $1.75  per  ton.  It  is  doubtful  whether  a  regener- 
ative process  for  recovering  the  iron  from  the  iron  sulphide  formed 
would  be  successful,  or  cheap  enough  to  reduce  the  cost  below  that 
of  roasting.  The  zinc  sulphide  might  be  sold  if  a  market  was  near, 
but  it  probably  would  be  contaminated  by  other  metals  in  the  ore. 

PBE8BNT  STATUS  OF  ELBCTBIO  ZINC  SKBLTINa. 

Although,  as  previously  stated,  more  progress  has  been  made  to 
date  in  the  electric  smelting  of  zinc  ores  than  with  the  electric  smelt- 
ing of  any  of  the  nonferrous  metals  except  aluminum  and  metals 
forming  ferro-alloys,  such  as  silicon,  chromium,  and  timgsten,  never- 
theless the  process  is  still  largely  in  the  experimental  stage,  lliere 
is  no  plant  operating  on  a  commercial  scale  except  the  TroUh&ttan 
works,  which  take  7,500  to  10,000  kilowatts.  The  experimental 
work  continues,  but  as  yet  none  of  it  has  developed  a  commercial 
operation. 

It  was  recently  reported  that  the  Sulphide  Corporation  had  con- 
structed, at  Cockle  Creek,  New  South  Wales,  an  electric  zinc  smelting 

a  FleoryiU«,  E.,  Electiio  itno  smelting:  Met.  aod  Cheni.  Eng.,  vol.  7, 1909,  p.  468. 
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plant,  combined  with  a  plant  for  the  manufacture  of  sulphuric  acid 
and  superphosphate.  The  plant  was  supposed  to  be  ready  for  opera- 
tion in  Jime,  1913,  but  no  later  information  has  been  received. 

DIFBlOULTr  OF  OONDEN8ING  ZIKO  YAPOB  INTO  METAL. 

From  what  has  been  said  concerning  the  work  at  TroUh&ttan  and 
the  results  of  others,  it  is  evident  that  the  difficulty  lies  almost  en- 
tirely in  the  condensation  of  the  2dnc  vapor  into  metal  rather  than 
mih  the  formation  of  blue  powder  under  the  peculiar  conditions  of 
the  electric  furnace.  The  electric  furnace,  mechanicalfy  or  electric- 
alfy,  presents  no  great  difficulties,  because  all  of  the  troubles  formerly 
experienced  have  been  solved  in  the  construction  of  large  pig-iron, 
steel,  carbide,  and  ferro-alloy  furnaces.  The  problem,  then,  is  one  of 
a  metalluigical  nature  and  is  caused  by  the  different  conditions  and 
greater  speed  of  smelting  in  the  electric  fiunace  than  in  the  com- 
bustion retort. 

THE   ELEOTBODE   FBOBLEM. 

The  opponents  of  the  electric  smelting  of  2dnc  ores,  who  as  a  rule 
appear  to  have  no  knowledge  of  the  great  development  of  the  electric 
furnace  itself  in  the  treatment  of  other  ores,  often  state  that  although 
the  retort  is  the  weak  part  of  the  old  system,  so  is  the  electrode  of 
the  electric  method.  Judging  from  large-scale  electrometallurgical 
work  on  other  ores  the  authors  do  not  believe  that  in  general  the 
electrode  is  an  exceptionally  weak  part  of  electric  smelting.  The 
electrode  problem  is  no  longer  serious  in  iron  smelting,  and  in  other 
electric-furnace  work.  It  is  only  fair  to  assimie  that  the  designer 
of  an  electric  2dnc  smelter  should  stand  on  the  shoulders  of  accmnu- 
lated  knowledge  and  utilize  the  results  of  others  when  the  metallur- 
gical problems  of  electric  zinc  smelting  have  been  solved. 

BETOBT   AND   ELEOTBODE   GONSUMFTION. 

Although  it  is  not  the  purpose  of  the  writers  to  enter  into  a  discus- 
sion of  the  relative  advantages  of  processes,  it  may  be  of  interest  to 
present  a  few  comparative  facts  regarding  retort  and  electrode  con- 
sumption. 

Ingalls^  states  that  during  a  period  of  ten  years  the  average  life 
of  a  Silesian  retort  was  38  days.  One  charge  was  melted  per  day. 
The  Silesian  retort  ia  said  to  take  200  pounds  of  ore  per  charge.^ 
Hence  a  retort  treats  7,600  pounds  or  3.8  tons  of  ore.  Ingalls^  also 
states  that  a  condenser  lasts  8  to  12  days,  so  that  about  four  conden- 
sers are  necessary  for  the  ore  smelted  by  a  single  retort.  He  also 
states  that  a  seasoned  retort  is  valued  at  50  cents  and  a  condenser  at 

alngallfl,  W.  R.,  The  metallurgy  of  sine,  p.  645. 

b  Editorial:  Eng.  and  Min.  Joor.,  vol.  04,  Deo.  14, 1013,  p.  1100. 
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4  cents.    Thus,  the  cost  of  a  retort  and  condensers  for  smelting  3.8 
tons  of  ore  is  66  cents,  or  17  cents  per  ton  of  ore  smelted. 

At  Trollhftttan,  Sweden,  the  electrode  consumption  has  been  re- 
duced to  6  pounds  per  ton  of  pig  iron  produced.  Considering  that  2 
tons  of  ore  was  chaiged  for  each  ton  of  pig  iron  produced,  the  con- 
sumption per  ton  of  ore  is  3  pounds.  The  smelting  conditions  in  elec- 
tric iron  reduction  would  not  tend  to  be  as  strongly  reducing  as  in  the 
zinc  retort,  although  the  ore  in  each  case  would  be  an  oxide.  Hence 
it  may  be  expected  that  the  total  consimiption  of  electrodes  in  a 
large  properly  designed  zinc  furnace  will  not  exceed  3  pounds  per  ton 
of  ore.  There  is  no  longer  loss  of  electrode  because  of  imconsimied 
ends,  as  that  loss  has  been  entirely  overcome  by  jointing  both  amor- 
phous-carbon electrodes  and  graphitized  electrodes.  This  procedure 
reduces  the  loss  by  one-half.  In  some  experiments  by  the  writers 
on  a  mixture  of  sulphide  and  oxidized  copper  ores  with  no  carbon  in 
the  chaige  and  the  charge  proportioned  so  as  to  contain  15  per  cent 
sulphur,  the  electrode  constunption  with  air  blown  into  the  furnace 
for  partial  pyritic  smelting  was  only  2  pounds  per  ton  of  ore.  How- 
ever, the  furnace  was  designed  so  that  the  charge  protected  the  elec- 
trode from  the  air.  Amorphous-carbon  electrodes  can  be  obtained 
at  3  to  4  cents  per  poimd,  so  that  on  the  basis  of  a  consimiption  of  3 
pounds  per  ton  of  ore  the  electrode  cost  would  be  9  to  12  cents,  as 
compared  with  a  retort  cost  of  17  cents.  These  figures  seem  to  show 
that  the  retort  at  the  presenjb  time  is  the  weaker. 

THE   FUNDAMENTAL  DIFFICULTY. 

Then,  if  the  failure  of  the  electric  fmnace  in  smelting  zinc  ores  is 
not  due  to  the  electric  furnace  nor  the  electrodes,  what  is  the  metal- 
luigical  condition  that  causes  condensation  difficulties  and  has 
retarded  the  commercial  application  of  the  process )  The  difficulty 
is  of  course  due  to  a  difference  in  the  smelting  conditions  of  the  elec- 
tric furnace  as  compared  with  the  retort.  Both  physical  and  chem- 
ical conditions  influence  the  formation  of  blue  powder.  Some  pow- 
der forms  under  certain  conditions  of  pressure  and  temperature. 
Just  what  these  conditions  are  has  not  been  determined.  The  prob- 
lem is  one  for  the  physical  chemist.  The  formation  of  blue  powder 
is  due  largely  to  the  speed  of  reduction  of  zinc  oxide  in  the  electric 
furnace  and  to  the  presence  of  volatile  impurities  in  the  charge. 
Boudouard  f  oimd  that  the  permissible  percentage  of  carbon  dioxide 
in  the  zinc  retort  was  low,  and  that  when  the  limit  was  exceeded  the 
carbon  oxidized  the  zinc,  causing  the  formation  of  the  blue  powder. 
The  vapor  of  the  zinc  retort  is  usually  below  this  limit  or  not  much 
above  it,  so  that  the  zinc  is  condensed  chiefly  as  liquid  zinc.  But  in 
the  electee  furnace,  the  temperature  directly  beneatii  the  electrode  in 
^ther  the  arc  or  the  resistance  furnace  is  so  high  that  the  reduction 
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proceeds  rapidly  and  the  large  amount  of  carbon  dioxide  formed 
does  not  have  a  chance  to  be  reduced  to  monoxide  by  the  hot  coal 
of  the  charge  before  entering  the  condenser.  Hence,  there  is  the 
oxidation  of  the  zinc  mentioned.  By  the  use  of  electrodes  of  large 
cross  section,  it  is  probable  that  this  concentrated  heating  could  be 
reduced,  so  that  rather  than  a  high  temperature  at  one  place  there 
would  be  a  uniform  comparatiyely  low  temperature  all  over  the 
charge.  This  was  found  to  be  the  case  in  the  smelting  of  iron  ores 
both  at  Heroult,  Cal.,  and  Trollh&ttan.  Or  the  current  could  pos- 
sibly be  distributed  more  evenly  by  flat  electrodes  of  rectangular 
cross  section.  The  formation  of  blue  powder  is  also  caused  by  yola^ 
tilization  of  silicon  which  condenses  on  the  zinc  either  as  silicon  or 
silica.  For  example,  in  some  experiments  at  the  Bureau  of  Mines 
laboratory,  the  condensed  fimies  from  a  ferrosilicon  furnace  contained 
67.69  per  cent  SiO„  9.72  per  cent  AljO,,  4.11  per  cent  FeO,  0.20  per 
cent  MgO,  1.90  per  cent  CaO,  with  the  rest  carbon.  This  vola- 
tilization of  silicon  occurs  in  any  electric  furnace  operated  with  an 
arc,  as  in  ferrosilicon  manufacture,  when  there  is  silica  in  the  charge. 
At  the  lower  temperature  of  a  resistance  furnace  it  is  not  so  likely 
to  occur. 

This  problem,  although  diflicult,  should  be  solved  in  time.  When 
it  has  been  solved  and  there  is  no  need  of  resmelting  a  large  propor- 
tion of  blue  powder  as  at  Trollh&ttan,  where  2  tons  of  blue  powder  is 
smelted  for  each  ton  of  ore  treated,  it  is  probable  that  electric  zinc 
smelting  will  proceed  rapidly.  The  use  of  iron  as  a  desulphurizing 
agent  does  not  seem  to  have  advanced  as  far  as  reduction  of  the  oxide 
with  carbon,  and  it  is  probable  that  the  latter  method  will  keep  its 
present  supremacy.  Some  work  has  been  done  in  an  electric  furnace 
operated  imder  pressure  or  vacuimi,  but  only  a  beginning  has  been 

made  in  this  direction. 

TIN. 

Although  rather  extensive  experiments  have  been  conducted  in 
England  on  the  smelting  of  tin  ores  in  the  electric  furnace,^  the 
authors  know  of  no  place  where  the  electric  furnace  is  being  used  for 
that  purpose  at  the  present  time.  Moreover,  as  only  small  quantities 
of  tin  ore  have  ever  been  f  oimd  in  the  United  States  or  its  possessions, 
the  use  of  the  electric  furnace  for  the  smelting  of  tin  ores  will  not  be 
discussed. 


a  Harden,  J.,  Electrlo  tin  smelting:  Met.  and  Chem.  Eng.,  vol.  9, 1911,  pp.  453-457. 


PART  III.    THE  MANUFACTURE  OF  FERRO-ALLOYS  IN 

THE  ELECTRIC  FURNACE. 


By  Robert  M.  Keeney. 


INTRODUCTION. 

The  subjects  presented  in  this  part  of  the  report  include  an  account 
of  the  development  of  the  manufacture  of  ferro-alloys  in  the  electric 
furnace,  descriptions  of  some  types  of  electric  furnaces  used  in  ferro- 
alloy production,  descriptions  of  several  European  plants  that  have 
been  visited  by  the  writer,  and  information  regarding  the  manufac- 
ture and  uses  of  each  ferro-alloy. 

A  ferro-alloy  is  an  alloy  of  iron  so  rich  in  some  element  other  than 
carbon  that  the  alloy  is  used  primarily  as  a  vehicle  for  introducing 
that  element  into  the  manufacture  of  iron  and  steel.  Ferro-alloys 
are  not  usefully  malleable,  and  they  usually  contain  more  of  the 
alloying  element  than 'is  desirable  in  an  alloy  steel. 

Ferro-alloys  may  be  used  in  the  manufacture  of  iron  and  steel  in 
two  ways.  First,  the  ferro-alloy  may  be  added  to  the  steel  for  its 
cleansing  and  deoxidizing  effect  with  the  intention  that  the  alloying 
element  will  combine  with  oxygen  or  some  other  impurity  in  the 
steel  bath  and  pass  either  wholly  or  for  the  greater  part  into  the  slag. 
Second,  the  ferro-alloy  may  be  used  as  a  fixed  addition,  the  alloying 
element  staying  in  whole  or  for  the  greater  part  in  the  steel,  to  which 
it  imparts  some  desirable  quality. 

The  problem  encountered  in  the  manufacture  of  ferro-alloys  has 
been  the  production  of  an  alloy  with  a  low  percentage  of  carbon,  a 
high  percentage  of  the  alloying  element,  and  a  low  percentage  of  im- 
purities that  might  be  injurious  to  steel.  The  alloy  should  have  a 
low  enough  melting  point  so  that  it  can  be  used  in  a  steel  bath  of 
ordinary  temperature.  To  obtain  this  feature  it  has  been  necessary 
in  some  cases  to  produce  an  alloy  with  a  high  percentage  of  carbon 
and  a  comparatively  low  percentage  of  the  alloying  element.  The 
ferro-alloys  with  a  low  percentage  of  carbon  are  considerably  more 
expensive  than  the  high-carbon  alloys,  because  of  the  extra  refining 
necessary,  which  requires  a  higher  power  consmnption  and  increased 
quantities  of  expensive  ores  for  deoxidization.  It  is  also  essential 
to  produce  a  ferro-alloy  of  imiform  composition,  a  difficult  feature 
with  some  alloys.    A  ferro-alloy  that  is  not  imiform  is  a  source  of 
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trouble  and  expense  in  the  manufacture  of  alloy  steel,  because  it  is 
not  possible  to  regulate  closely  the  composition  of  the  steel  produced. 
How  these  points  have  influenced  the  development  of  the  manufac- 
ture of  ferro-alloys  is  shown  in  the  following  discussion. 

The  most  important  ferro-alloys  in  order  of  their  use  are  ferro- 
manganese,  spiegeleisen,  ferrosilicon,  ferrochrome,  silicomanganesei 
ferrotitaniimi,  silicomanganese-aluminum,  ferrotungsten,  ferrovansr 
dium,  ferronickel,  and  ferrophosphorus.  Other  alloys  not  so  widely 
used  but  employed  by  some  steel  makers  are  f errocobalt,  ferrosilicon- 
aluminimi,  sihcocalciimx-aluminum,  and  ferromolybdenum.  Other 
ferro-alloys  that  have  been  investigated  by  the  manufacturers  but 
for  which  no  wide  use  has  as  yet  been  foimd  are  ferroboron,  ferro- 
uranium,  and  ferrotantalum. 

EARIiT     DBVEIiOPMBNT     OF     THE     MANUFACTURE     OF 

FERRO-AIiliOTS. 

DBVBLOPMBNT   PBBYIQXJS  TO   THE   USE    OF   THE   ELBCTBIO 

FUBNACE. 

Up  to  the  year  1899,  when  the  electric  furnace  was  first  used  for 
the  manufacture  of  ferro-alloys,  all  such  alloys  were  made  in  the 
blast  furnace  or  the  crucible  furnace.  Ferromanganese  with  a  high 
percentage  of  manganese  was  first  produced  at  Bonn,  Germany,  in 
1886.^  This  alloy  was  made  in  a  crucible  and  contained  70  to  80  per 
cent  manganese.  In  1873  the  manufacture  of  ferromanganese  was 
first  conducted  in  the  blast  furnace,  a  method  by  which  the  greater 
part  is  manufactured  to-day.  In  1875  ferrosilicon  containing  10  to  12 
per  cent  silicon  was  made  in  the  blast  furnace.  The  manufacture  of 
f errochrome  in  a  conmiercial  way  in  the  blast  furnace  was  started  in 
1886.  Thus  up  to  the  year  1890  the  only  method  of  manufacture  of 
ferro-alloys  was  the  use  of  the  crucible,  the  blast  furnace,  or  occa^ 
sionally  the  open  hearth.  In  every  case  carbon  in  the  form  of  coke 
or  anthracite  coal  was  used  as  a  reducing  material. 

The  production  of  a  ferro-alloy  with  a  low  carbon  content  or  a  high 
percentage  of  the  alloying  element  is  limited  in  the  blast  fiunace  by 
three  difficulties — ^first,  the  temperature  is  too  low  for  the  reduction 
of  some  of  the  oxides  of  the  alloying  metals,  so  that  only  alloys  of 
metals  reduced  at  a  comparatively  low  temperature  or  of  low  melting 
point  can  be  made;  second,  it  is  (Ufficult  to  obtain  an  alloy  containing 
a  high  percentage  of  the  special  metal;  and  third,  it  is  impossible  to 
produce  a  ferro-alloy  low  in  carbon  because  of  the  great  excess  of 
carbon  in  the  charge. 

With  the  crucible,  owing  to  the  small  scale  of  operation  necessary, 
the  process  is  necessarily  expensive.    Owing  to  the  temperature 

•  Veofttor,  W.,  ttber  Eisen  Liegleniiigeii  and  Metall  fOr  die  Stahl  Industrie:  Stahl  und  Eisen,  yoL  78, 
1906»  p.  41;  Iron  and  Coal  Trade  Rey.,  yol.  78, 1908,  p.  590. 
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limitation;  certain  oxides  can  not  be  reduced  and  metals  of  high 
melting  point  can  not  be  melted;  it  is  difiScult  to  obtain  an  alloy 
with  a  high  percentage  of  the  special  metal;  and  if  a  graphite  crucible 
is  used,  the  percentage  of  carbon  tends  to  be  high  in  the  ferro-alloy. 

For  these  reasons,  up  to  1890  the  manufacture  of  ferro-alloys  was 
mostly  confined  to  the  production  of  ferromanganese  of  70  to  80  per 
cent  manganese,  ferrosUicon  of  10  to  12  per  cent  silicon,  and  ferro- 
chrome  of  30  to  40  per  cent  chromium  and  of  6  to  12  per  cent  carbon. 

INTBODXJCTION  OF  THE  BLBCTBIO  FUBNAOE. 

The  opportunity  for  improvement  in  the  production  of  high-grade 
ferro-alloys  by  the  use  of  the  electric  furnace  was  made  evident  by  the 
researches  of  Moissan,^  beginning  in  1890,  upon  the  reduction  of 
metallic  oxides  in  the  electric  furnace.  Moissan  used  an  arc  furnace, 
consisting  of  a  chamber  of  refractory  material,  into  which  two  hori- 
zontal carbon  electrodes  were  introduced. 

The  commercial  production  of  ferro-alloys  in  the  electric  furnace 
began  in  1899,  when  the  BuUier  patents  for  the  manufacture  of  calcium 
carbide  were  declared  valid  in  France.  There  was  also  an  overpro- 
duction of  calcium  carbide,  which  culminated  at  the  same  time.  The 
overproduction  rendered  it  necessary  for  many  established  carbide 
works  to  seek  new  uses  for  their  electric  power  and  electric-furnace 
installations.  Those  works  began  the  manufacture  of  ferrosilicon, 
ferrochrome,  and  ferromanganese  in  their  old  carbide  furnaces.  At 
that  time  the  manufacture  of  ferromanganese  in  the  electric  furnace 
did  not  prove  successful  because  of  the  high  loss  by  volatilization,  and 
it  was  abandoned.  The  production  of  high-percentage  ferrosilicon, 
ferrochrome,  and  other  ferro-alloys  not  easily  volatilized  was  very 
successful. 

By  1902  ferrosilicon  containing  25  per  cent  silicon  was  being  used 
to  a  considerable  extent  instead  of  the  blast-furnace  alloy  of  10  to  12 
per  cent  sihcon.  This  development  was  quickly  followed  by  the 
introduction  of  ferrosilicon  containing  50  per  cent,  75  per  cent,  and  90 
per  cent  silicon.  The  high-grade  ferrochrome  of  60  to  70  per  cent 
chromium  content  and  5  to  8  per  cent  carbon  rapidly  replaced  the 
blast-furnace  product  of  30  to  40  per  cent  chromium  and  6  to  12  per 
cent  carbon.  Later  the  production  of  ferrochrome  containing  less 
than  1  per  cent  carbon  was  begim.  As  the  refining  possibilities  and 
high  temperature  available  in  the  electric  furnace  were  more  fully 
appreciated,  the  production  of  many  ferro-alloys  not  previously  made 
b^an.  Also  in  recent  years,  by  careful  control  of  the  temperature  of 
the  electric  furnace,  which  is  possible  in  the  ordinary  arc  furnace  when 
run  as  a  resistance  furnace,  it  has  been  f oimd  possible  to  make  ferro- 
manganese without  an  excessive  loss  of  manganese  by  volatilization. 

•  MoiMMi»H.  TbeelMtrioftinaoe.    Translftted  by  V.  Lflnbcr,  ISOi. 
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This  ferromanganese  is  usually  combined  while  molten  vdth  molten 
f errosilicon  to  produce  siUcomanganese,  or  a  similar  alloy. 

There  has  been  comparatively  little  change  in  the  type  of  electric 
furnace  used  for  making  ferro-alloys  since  1899.  In  many  plants  the 
old  carbide  furnaces  are  still  in  operation,  and  where  the  ferro-alloy 
is  simply  being  produced  directly  from  the  ore  with  carbon  as  a  reduc- 
ing agent,  the  furnace  is  essentially  of  the  old  Siemens  crucible  type, 
haying  a  conducting  hearth  of  carbon  and  an  upper  vertical  electrode 
(fig.  38).  There  are  several  modifications,  which  are  described  later, 
but  their  difference  in  design  is  mainly  in  shape  and  in  the  manner  of 
introducing  the  current.  With  one  or  two  exceptions,  introduced 
lately,  ferro-alloy  furnaces  are  run  with  open  tops,  as  in  the  first  years 
of  manufacture.  There  is  no  shaft,  so  that  most  of  the  reduction  is 
by  soEd  carbon. 

PRESENT   STATUS   OF  THE  MANUFACTURE  OF  FERRO- 
AliliOTS  IN  THE  EIjECTRIC  FURNACE. 

The  growth  of  the  ferro-alloy  industry  in  Europe  has  been  rapid 
since  1899,  but  comparatively  slow  in  the  United  States.  In  Europe 
there  are  about  25  plants  engaged  in  the  manufacture  of  ferro-alloys 
by  the  electric  furnace,  as  compared  with  two  plants  in  the  United 
States.  In  addition  to  these  there  are  three  companies  using  means 
other  than  the  electric  furnace  in  the  United  States,  and  one  electric- 
furnace  ferrosilicon  plant  in  Canada. 

There  are  several  reasons  why  the  growth  has  been  slower  in  Amer- 
ica than  in  Europe.  Hydroelectric  power  is  not  as  cheap  here  and  not 
so  favorably  located  for  the  receipt  of  raw  material  and  the  sale  of  the 
product.  The  water-power  sites  can  not  be  developed  so  cheaply  as 
many  of  the  foreign  sites,  where  the  cost  per  kilowatt-year  varies  from 
$10  to  $20,  as  compared  with  $20  to  $40  in  the  United  States.  In 
Canada  power  is  somewhat  cheaper,  but  much  of  it  is  in  inaccessible 
places.  Most  of  the  Norwegian  and  Swedish  plants  are  on  tidewater 
or  navigable  rivers.  French  works  are  within  about  200  miles  of 
Marseilles.  The  use  of  ferro-alloys  in  the  manufacture  of  high-class 
steels  did  not  advance  as  rapidly  in  the  United  States  as  in  Europe. 
And  owing  to  less  favorable  natural  advantages,  electrochemical  and 
electrometallm^cal  industries  in  general  have  not  made  so  rapid 
progress  and  growth. 

A  large  proportion  of  the  ferro-alloys  used  in  the  United  States  is 
imported,  as,  although  there  is  a  duty,  local  manufacturers  are  not 
able  to  supply  the  whole  demand.  About  one-half  of  the  ferro- 
manganese and  one-half  of  the  ferrosilicon,  as  well  as  a  large  part  of 
the  ferrotimgsten,  used  in  the  United  States  is  imported.  More 
ferrotitanium  and  ferrovanadium  is  manufactured  here  than  abroad. 
The  ferrochrome  production  just  about  supplies  the  domestic  demand. 
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In  Europte  the  industry  of  manufacturing  ferro-alloys  in  the  dectric 
furnace  is  in  excellent  condition  commercially,  with  the  demand  for 
alloys  steadily  increasing.  Because  of  the  race  between  European 
countries  in  the  building  of  large  navies,  there  is  a  great  demand  for 
ferrochrome.  In  Europe,  thesale  of  ferro-alloy8,especiaUyferroBilicon 
and  ferrochrome,  is  controlled  by  a  syndicate  of  the  various  plants, 
each  plant,  according  to  its  capacity, 
supplying  a  certain  part  of  the  total 
market  demand. 

In  the  United  States  there  is  a  ferro- 
titanium  manufacturing  company  at 
Niagara  Falls,  N.  Y.  An  electrometal- 
luigical  company  has  one  plant  at  Ka- 
nawha Fails,  W.  Ya.,  where  the  principal 
product  is  ferrochrome,  and  another  at 
Ni^^a  Falls,  JH.  Y.  Other  alloys  made 
are  ferrosilicon,  ferrotungaten,  ferrova- 
nadium,  ferromolybdeuum,  and  ferro- 
phosphorus.  A  chemical  company  at 
Primos,  Fa.,  manufactures  metals  and 
ferro-alloys  by  chemical  methods  or  in 
combustion  furnaces.  Among  its  prod- 
ucts are  ferrotungsten,  ferrovanadium, 
tungsten  metal,  ferromolybdeuum,  fei^ 
I  rochrome,  ferrouickel,  and  ferroboron. 
Another  company  manufactures  ferro- 
vanadium by  the  tliermit  process  at 
-  Bridgewater,  Pa.  Another  company  has 
»  of  sie-  a  plant  for  the  manufacture  of  metals 
'°'^'  and  ferro-albys  at  Newark,  N.  J.,  but 
imports  most  of  its  products  from  its  foreign  works.  Among  its  prod- 
ucts are  ferrotitanium,  ferrovanadium,  ferromolybdenum,  ferrochro- 
mium,  and  chromium. 

TYPES  OP  EI.ECTRIC  FURNACES  TTSED  IN  FBBBO-AUbOT 

MANUFACTURE. 

TERSOBIUCON  FUBHAOB  OF  THE  8ZBKENS  TZFB. 

A  furnace  commonly  used  in  the  manufacture  of  ferrosilicon  and 
other  ferro-alloys  is  of  the  Siemens  type.  (Fig.  38.)  The  furnace  is 
circular  in  cross  section  with  one  upper  carbon  electrode  and  a  con- 
ducting hearth  of  carbon.  The  electrodes  are  held  by  holders  of 
various  types,  some  of  which  are  shown  in  figure  39  and  in  figures  17 
to  35.  The  holders  are  attached  to  cables  running  to  band  adjust- 
ment wheels.    The  electrode  holders  are  not  usual^  water  cooled. 


FiBtu  as.— Plan  1 
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As  yet  the  use  of  round  electrodes  threaded  for  continuous  feeding 
has  not  been  widespread  in  ferro-alloy  works.  In  the  ferrosiUcon 
furnace  it  is  necessary  to  line  the  bottom  with  carbon  paste  resting 
on  an  iron  plate  to  which  the  bottom  electrical  connection  is  made. 
The  paste  of  carbon  may  be  surroimded  by  fire  bricks,  which  are  set 
in  a  steel  shell  or  are  held  together  by  sheet-iron  bands.  The  fire 
bricks  are  often  not  used  at  aU.  There  is  one  tap  hole.  Fire  brick 
can  not  be  used  as  the  interior  lining  in  a  f errosilicon  furnace,  because 
it  is  rapidly  attacked  by  the  ferrosilicon.  The  older  furnaces  are 
operated  with  single-phase  alternating  current,  but  the  more  recent 
installations  are  connected  to  a  phase  of  a  three-phase  circuit  as  shown 
in  the  lower  view  of  figure  50.    These  furnaces  are  built  in  sizes  vary- 
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ing  from  200  to  1,000  kilowatts.  A  225-kilowatt  furnace  may  have  a 
crucible  2  feet  6  inches  in  diameter  at  the  top  and  about  2  feet  in 
diameter  at  the  bottom.  The  external  dimensions  are:  Diameter,  4 
feet;  height  from  base  to  top,  5  feet;  masonry  base,  about  1  foot  3 
inches  high.  The  lining  is  about  9  inches  thick.  The  furnaces  are 
operated  at  50  to  80  volts.  A  12-inch  square  or  circular  electrode  is 
used.    The  power  factor  varies  from  0.8  to  0.9. 

If  a  ferrochrome  or  alloy  of  medium  carbon  percentage  other  than 
ferrosilicon  is  to  be  made  in  a  furnace  of  ihia  type,  the  carbon 
bottom  is  used,  but  in  the  walls  the  carbon  is  replaced  by  a  basic 
lining  of  magnesite  and  tar.  After  a  furnace  has  been  operating 
some  time,  the  material  of  the  charge  chills  on  the  walls  forming  its 
own  lining,  and  some  of  the  ferro-alloy  reduced  tends  to  freeze  on  the 
hearth,  thus  protecting  the  main  part  of  the  molten  metal  from  the 
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carbon.  If  a  ferrochrome  containing  less  than  2  per  c«at  carbon  is 
desired,  the  lining  is  of  chromite,  but  this  is  rather  expensive.  Ferro- 
sihcon  and  ferrodirome  furnaces  of  this  type  hare  been  in  continuous 
operation  for  periods  of  two  to  four  years. 

Usually  the  smaller  furnaces  are  charged  by  a  laborer,  who  shovels 
the  new  materials  from  the  floor  at  the  tapping  level  into  the  top  of 
the  furnace.  Larger  furnaces  have  a  steel  platform  around  the  top 
for  chaining  from  a  bin  system.  In  some  works  the  furnaces  are  set 
on  trucks,  so  that  an  old  one  may  be  quickly  replaced  by  &  new  one. 


Ftoini  10.— EdkrfeniMtloyfanwM. 

KBLLBB  FUUNAOB. 

The  Keller  furnace  (fig.  40),  used  for  the  manufacture  of  calcium 
carbide  and  ferro-alloys,  consists  of  two  Iron  casings  of  square  cross 
section,  forming  two  shafts  that  connect  with  each  other  at  the  lower 
end  by  means  of  a  lateral  canal.  There  are  two  vertical  carbon 
electrodes  connected  in  series  with  the  slag  and  the  metal.  Ordi- 
narily  the  current  flows  through  the  electrode  in  one  ahaft  throuG^ 
the  chai^  and  through  the  other  electrode,  but  when  the  furnace  is 
being  started  after  repairs  the  connection  between  the  electrodes  is 
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made  by  carbon  blocks  at  the  base  of  each  shaf  t,  which  are  connected 
by  copper  bars.  There  are  two  tap  holes,  one  in  each  shaft.  The 
lining  used  depends  on  the  alloy  beiog  made.  The  electrodes  are 
built  of  carbon  blocks  to  a  total  cross  section  30  inches  square,  and 
are  not  designed  for  continuous  feeding.  They  are  4  to  5  feet  long. 
The  fm-naces  are  about  14  feet  long,  7  feet  high,  and  6  feet  wide. 
Ebctra  electrodes  are  kept  ready  to  replace  worn  ones.  Adjustment 
of  electrodes  is  by  hand. 

The  Keller  furnace  is  built  in  sizes  using  900  to  2,200  kilowatts. 
Some  furnaces- are  connected  as  shown  in  the  lower  view  of  figure  50 
and  others  are  directly 
connected  to  a  single- 
phase  system.  The  fur- 
naces are  operated  at  50 
to  70  volts.  The  power 
factor  is  about  0.7  to  08. 

OHAPJMT  FX7BNA0E. 

The  Chaplet  furnace 
(fig.  41)  for  ferro-alloy 
manufacture  has  two 
electrodes  in  series,  one 
of  which  is  in  one  cham- 
ber, the  other  being  on 
a  channel  extending  from 
the  main  smelting  cham- 
ber. The  current  passes 
through  a  vertical  carbon 
electrode,  through  the 
bath  and  channel  to  the 
other  vertical  electrode. 

The  Chaplet  furnace 
has  been  used  by  one 
company  especially  in 
the  manufacture  of  low- 
carbon  ferro-alloys.  In  making  low-carbon  alloys  it  is  usually  operated 
with  a  roof  when  refining,  but  when  reducing  directly  to  a  high- 
carbon  alloy  the  roof  is  removed.  The  lining  is  of  dolomite,  magne- 
site  or  chromite,  with  a  silica-brick  roof.  The  furnace  has  been  built 
in  sizes  of  120  to  150  kilowatts. 

GIBOD  BB8ISTAN0E  ORTTOIBJM  FX7BNA0E. 

In  its  early  experiment  work  the  Girod  Co.  devised  a  crucible  fur- 
nace in  which  heating  is  by  resistance.  This  furnace  (fig.  42)  con- 
sists of  a  crucible  of  some  refractory  material,  which  is  surrounded 


FiouBB  41.— Plan  and  elevatiGn  of  Chaplet  ferro-alloy  ftimaoe. 
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by  a  material  of  high  electrical  resistance.  The  use  of  ferrosilicon  for 
this  piirpose  was  patented  by  Girod.  Sometimes  coke  is  mixed 
with  the  ferrosilicoD  to  form  the  resistor. 
Outside  of  the  resistor  are  set  fom-  carbon 
blocks,  which  serve  as  electrodes  and  are 
separated  by  brick  of  high  insulating  quali- 
ties to  prevent  short  circuits.  The  whole  is 
incased  in  a  steel  shell  and  mounted  on  a 
framework  for  tilting  by  hand.  The  mate- 
rials are  charged  in  by  hand,  and  the  cruci- 
ble is  covered  with  a  brick  cover.  Either 
direct  or  single-phase  current  may  be  used. 
A  genera]  difficulty  with  a  furnace  of  this 
type  is  the  prevention  of  short  circuits 
caused  by  uneven  heating  of  the  crucible, 
and  care  must  be  taken  to  connect  the  fur- 
nace so  that  the  current  takes  the  longest 
I  possible  course.  The  furnace  is  used  for 
manufacturing  ferro-alloys  that  do  not  re- 
quire a  tempera- 
ture above  1,600° 
C.  It  is  built  in 
sizes  up  to   150 

FWDM  «.-PI«n  Mid  ttenOoD  of     tilowatts. 


OraOD  ABO  FUBNACB. 

For  the  manufacture  of  ferro-alloys  of 
high  reducing  or  melting  point,  other  than 
ferrosihcon,  Girod  uses  a  furnace  (fig.  43) 
of  circular  cross  section,  with  one  or  more 
upper  carbon  electrodes  in  parallel  and  a 
conducting  hearth  of  dolomite  and  tar 
having  mild-steel  rods  embedded  or  open- 
ings into  which  molten  metal  is  poured  and 
allowed  to  freeze.  These  rods  are  placed 
radially  around  the  bottom.  The  ends  pro- 
ject outside  and  are  water-cooled  where  the 
cables  are  attached.  The  lining  is  usually 
of  dolomite  or  magnesite  throughout,  but 
with  the  production  of  low-carbon  ferro- 
chrome  a  chromite  lining  may  be  used. 
Where  there  are  several  upper  electrodes  the  , 
diameter  of  the  furnace  is  greater  and  the  nauu  4 
depth  about  the  same  as  in  the  smgle  elec- 
trode furnace.  The  general  dimensions  are 
about  the  same  as  given  for  the  Siemen's  furnace,  with  a  conducting 
hearth  of  carbon.    Eithw  direct  or  alternating  current  may  be  used. 
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KEBAKBBr  TUBHACB. 

At  Kopperaaen,  near  Meraker,  Nonray,  a  furnace  (fig.  44) 
similar  to  the  Alby  carbide  furnace  is  being  used  in  the  production  of 
ferro-alloys,  especially  ferro- 
chrome.  This  fiunace  is  rectan- 
gular in  cross  section,  with  an 
upper  rectangular  carbon  elec- 
trode, and  a  conducting  bottom 
of  carhon,  forming  the  other 
electrode.  The  carbon  bottom 
rests  on  a  concrete  foundation 
or  the  whole  furnace  may  be  set 
on  wheels  so  as  to  be  movable. 
The  lining  consists  of  magnesite 
and  tar,  9  inches  thick.  The 
whole  is  incased  in  a  {-inch  steel 
shell.  In  one  end  of  the  furnace 
there  is  a  tap  hole.  At  the  oppo- 
site end  connection  is  made  to 
the  bottom  electrode.  The  upper 
electrode  consists  of  four  carbon  blocks  10  by  12  inches  by  6  feet  long, 
set  side  by  side  so  as  to  make  an  electrode  10  by  48  inches  in  section. 


Fiarmi  U.— NorwtglaD  and  ItaUan  alectrodM  and  bdlte*. 

The  whole  electrode  is  covered  with  sheet  iron  in  an  endeavor  to 
reduce  oxidation  and  is  held  by  the  holder  shown  in  figure  45  (right- 
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hftDd  view),  which  is  supported  by  cables  from  above.  A  spare  elec- 
trode is  left  hanging  from  the  framework  above  the  furnace  ready  to 
replace  one  worn  out. 

A  750-kilowatt  furnace  is  about  10  by  6  feet  in  section  outside  at  the 
top  and  about  9  feet  by  5  feet  6  inches  at  the  bottom.  The  internal 
depth  is  about  5  feet.  The  car- 
bon block  at  the  bottom  is  1  foot 
thick  and  rests  on  a  concrete 
f oimdation  1  foot  above  the  floor. 
Thefimiace  top  is  about  7  feet 
above  the  floor.  These  furnaces 
are  operated  at  65  volts  with 
either  direct  or  alternating  cur- 
rent. 

A  furnace  of  this  design  with 
a  closed  top  has  been  designed 
at  Kopperaaen.  This  consists 
chiefly  of  a  steel  hood  H  feet 
high,  lined  with  Are  brick. 
There  is  an  opening  for  the  elec- 
trode, flues  for  drawing  off  the 
gases,  and  charging  doors.  lit- 
tle gas  escapes  from  this  furnace 
except  through  the  flues.  The 
top  reduces  the  electrode  con- 
sumption considerably. 

SKRIES  FURNACE. 

A  furnace  designed  to  avoid 
the  use  of  a,  conducting  hearth 
and  commonly  called  the 
"series"  furnace,  is  shown  in 
figure  46.  The  furnace  shown 
has  two  vertical  carbon  elec- 
trodes connected  in  series  for 
I  operation  with  single-phase  cur- 
rent. If  three-phase  current  is 
used  there  are  three  electrodes  connected  each  to  a  phase  of  the 
system  in  the  delta  connection.  The  construction  of  the  furnace 
proper  is  in  general  the  same  as  for  furnaces  already  described, 
except  that  there  is  no  electrical  connection  with  the  hearth. 
Furnaces  of  this  type  have  been  built  in  sizes  up  to  3,000  kilowatts. 
Three-phase  furnaces  may  be  of  the  shape  shown  in  figure  46,  with 
^bree  electrodes  arranged  in  a  trian^e  and  each  connected  to  a  phase 
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of  a  three-phase  system.  Or  the  furnace  may  be  rectangular,  as 
shown  in  figure  47.  In  neither  form  is  there  electrical  connection  to 
the  bottom,  A  furnace  of  this  type  has  been  built  to  take  5,000 
kilowatts. 

HBLFB1T6TEIK  FUSNAOB. 

A  furnace  recently  designed  for  the  manufacture  of  calcium  carbide 
and  ferrosilicon  on  a  large  scale  is  the  Helfensteln  furnace  (fig.  48), 
which  has  several  shafts  set  side  by  side  feeding  a  crucible  beneath. 
Each  shaft  has  its  own  vertical  top  electrode,  but  aU  are  connected 
electrically  by  bottom  electrodes  In  the  form  of  a  conducting  bottom 
common  to  all  the  shafts."  There  is  no  other  connection  between  the 
shafts,  so  that  it  is  possible  to  produce  different  products  simultan&- 


FrauBE  47.— Elcvstkui  of  thnfr-phase  itxiea  [emxlloy  fumsce. 

ously.  As  shown  in  figure  48,  the  shafts  enter  the  crucibles  from  each 
side,  with  the  electrodes  in  the  center.  The  whole  furnace  is  thus 
rendered  air  tight.  One  large  7,500~kilowatt  Helfenatein  furnace  is 
operating  in  France  and  several  are  being  constructed.  The  use  of 
large  units  with  an  air-tight  furnace  reduces  the  electrode  and  the 
power  consumption  considerably. 

OBHXBAI,  OOHSTBTTCnON  OF  EI2CITBI0  FBBBO-AIXOT  FUBHAOBS. 

FCNDAHENTAL   FAKTS. 

From  the  types  of  electric  furnaces  described  it  may  be  seen  that 
in  general  an  electric  furnace  for  ferro-alloy  manufacture  consists  of 
a  crucible  without  a  roof,  having  either  a  conducting  or  nonconduct- 

•  TiDalg,  R.,  Pragnt  itatoi  of  tba  derelopmBiit  ol  large  eleotrlo  fomaoe:  Uet.  lud  Cliein.  £□(.  to).  lOi 
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PiauiK  48.— Eleratliin  ol  RcIIouUiId  funuoe. 
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ing  hearth  and  an  upper  vertical  carbon  electrode  or  electrodes. 
Most  of  the  furnaces  first  built  had  a  conducting  hearth,  and  this  is 
still  common  in  furnaces  up  to  about  750  kilowatts,  but  for  larger 
sizes  experience  has  shown  that  the  nonconducting  hearth  is  prefer- 
able. There  is  a  considerable  loss  of  electrical  energy  by  dissipation 
through  the  lining,  and  there  is  a  tendency  to  have  a  lower  power 
factor  because  of  the  circuit  being  more  completely  inclosed  in  iron. 
In  working  a  small  furnace  intermittently — that  is,  discharging  it 
completely  before  charging  it  again — the  conducting-hearth  furnace 
is  much  more  easily  operated  and  started  when  cold.  When  a  large 
furnace  is  to  be  operated  continuously  for  several  months  at  a  time 
on  one  alloy,  this  advantage  of  the  conducting  hearth  is  of  no  impor- 
tance. A  factor  little  considered  in  the  construction  of  ferro-alloy 
furnace  is  the  power  factor.  Most  of  the  furnaces  are  completely 
inclosed  in  sheet  steel,  whereas  bands  would  do  as  well,  with  much 
less  induction  in  the  circuit. 

CONSTRUCTION   AND   LIFE   OF   LININGS. 

As  has  been  stated,  the  ferrosilicon  furnaces  are  lined  with  carbon, 
and  most  of  the  furnaces  to  be  used  in  producing  other  alloys  with  a 
basic  lining  of  magnesite  or  dolomite  brick  or  a  mixture  of  tar  with 
either  material.  When  low-carbon  ferrochrome  is  being  made,  the 
lining  in  some  furnaces  is  chromite.  Generally  a  furnace  is  designed 
so  that  the  electrode  or  electrodes  are  at  a  sufficient  distance  from 
the  walls  to  permit  a  chilling  of  the  material  charged  upon  the  walls. 
This  practice  has  given  the  most  satisfactory  lining.  With  such  an 
arrangement  furnaces  have  been  run  two  to  three  years  without  being 
relined.  The  average  furnace  operating  continuously  runs  about  two 
years  before  being  shut  down  for  repairs.  A  furnace  being  operated 
intermittently  must  of  course  be  relined  of  tener. 

ELECTRODE   HOLDERS. 
TYPES. 

There  are  two  general  types  of  electrode  holders  used — first,  one 
with  two  clamps  bolted  around  the  electrode,  leaving  the  top  of  the 
electrode  exposed;  and  second,  one  that  grips  from  above,  making  it 
impossible  to  add  a  section  of  electrode  from  above.  The  former  type 
has  been  commonly  used  m  electric  steel  furnaces,  but  does  not  seem 
to  have  been  so  widely  used  in  ferro-alloy  manufacture.  This  is 
probably  because,  with  the  lack  until  rather  recently  of  an  amphorous- 
carbon  electrode  threaded  for  continuous  feeding,  the  most  convenient 
mode  of  suspension  has  been  by  chain  with  the  second  type,  rather 
than  by  a  lateral  steel  frame,  as  is  necessary  in  the  first  type.  In  the 
future  the  use  of  the  first  type  of  holder  will  probably  increase  because 


116  THE  ELECTBIG  FUBNACE  IK  METAIXUBGICAL  WORK. 

of  the  possibility  of  reducing  the  dectrode  consumption  by  using  up 
all  butts.  A  method  formerly  sometimes  used  for  joining  electrodes 
is  shown  in  figure  39.  This  connection  was  not  entirely  satisfactory 
and  was  not  widely  adopted. 

Various  designs  of  the  second  type  are  shown  in  figure  39.  Above 
the  point  where  it  grips  the  electrode  the  holder  is  attached  to  a  chain 
or  cable,  by  means  of  which  it  is  supported.  With  a  holder  of  this 
type  about  one-third  of  the  electrode  is  not  used.  Electrical  con- 
nection is  made  by  cables  attached  to  the  holder. 

In  figure  45  is  shown  a  type  of  electrode  used  in  Norway  and 
Sweden  for  rectangular  furnaces.  It  consists  of  carbon  blocks  held 
together  in  a  framework  of  steel  by  wedges,  the  electrical  connec- 
tions being  made  by  cables  attached  to  the  holder  itself.  The  whole 
is  suspended  by  cables.  In  figure  45  Gef  t-hand  view)  is  also  shown 
an  Italian  method,  in  which  the  electrical  contact  is  made  against 
the  end  of  the  electrode  instead  of  on  the  sides  for  the  purpose  of 
getting  a  more  even  distribution  of  current  throughout  the  electrode. 
It  is  water  cooled  and  the  most  perfect  design  technically,  but  practi- 
cally is  not  very  widely  used. 

In  many  plants,  before  any  of  these  holders  are  connected,  each 
electrode  is  covered  with  sheet  iron  to  reduce  the  electrode  consimip- 
tion  by  oxidation.  At  some  works  it  is  stated  that  it  is  doubtful 
whether  this  practice  results  in  enough  saving  to  warrant  the  addi- 
tional expense.  The  built-up  electrodes  are  set  in  a  cement  of  tar 
and  carbon  to  fill  the  cracks. 

Great  care  must  be  taken  in  building  up  the  electrodes  or  there 
will  be  excessive  local  heating. 

WASTE  OP  HEAT  IN  OPEN-TOP  FURNACES. 

As  most  of  the  reduction  of  oxides  in  ferro-alloy  manufacture  is 
done  by  solid  carbon  at  a  high  temperature,  most  furnaces  are  run 
with  an  open  top  into  which  the  charge  is  placed,  around  the  elec- 
trode. There  results  a  considerable  waste  of  heat  that  might  be 
used  in  preheating  the  charge.  In  most  of  these  furnaces  the  elec- 
trode dips  about  12  to  15  inches  beneath  the  top  of  the  furnace, 
which  is  kept  filled  with  cold  material  so  that  the  molten  mass  be- 
neath will  not  be  exposed.  There  is  burning  of  carbon  monoxide 
around  the  electrode  and  an  escape  of  a  large  volimie  of  gas  through 
the  top  of  the  furnace  house.  As  previously  mentioned,  there  has 
been  a  seemingly  successful  attempt  made  to  overcome  this  waste  at 
Kopperaaen,  Norway,  with  a  modification  of  an  existing  furnace. 
The  Helfenstein  furnace  has  this  objection  removed  as  it  is  air-tight, 
and  in  addition  has  feeding  shafts,  where  the  charge  is  preheated  by 
the  waste  gases.  In  the  manufacture  of  the  higher-priced  alloys, 
luch  as  ferrotungsten  and  ferrovanadium,  it  is  impossible  to  use  any 
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furnace  but  one  with  an  op^i  top  because  of  the  intermittent  nature 
of  Uie  operation,  but  in  making  f errosilicon  and  f  errochrome,  it  seems 
advisable  to  preheat  the  charge  as  much  as  possible. 

CHARACTER  OF  ELEOTBIO  CUBBENT. 

A  lai^  number  of  the  first  ferro-alloy  furnaces  were  supplied  with 
direct  current  when  the  furnace  house  was  built  adjoining  the  power 
house  so  that  there  was  only  about  20  feet  between  the  furnace  and 
the  generator.    It  was  soon  found  that  the  electrolytic  action  in  a 
directrKixurent  furnace  resulted  in  deposition  of  potassium,  sodium, 
calcium,  aluminum,  and  other  metals  with  the  alloy  so  that  as  pure 
a  product  could  not  be  obtained  with  direct  as  with  alternating  cur- 
rent.   When  alternating  current  was  first  used,  single-phase  current 
was   more  conmion,  so  that   the 
arrangement  remained  the  same  as 
previously,  the  generator  deliver- 
ing directly  to  the  furnace  at  the 
desired  voltage  without  any  trans- 
formation. 

Later  when  three-phase  current 
became  conmion,  furnaces  designed 
to  take  single-phase  current  were 
connected  in  groups  to  three-phase 
systems  by  several  methods.  A 
method  commonly  used  for  the  fui^ 
nace  with  a  conducting  hearth  and    . 

one  or  more  vertical  electrodes  is  rioimi  to^-D«it»  eonnactiom  oi  thru  dngie- 
shown  in  figure  49  (p.  114).    The  ph«»«h™«». 

primary  and  secondary  are  both  connected  in  star  connection,  with  the 
furnace  bottom  as  the  neutral  point  of  the  secondary  circuit.  There 
are  two  transformers  to  a  phase,  supplying  two  fumacee.  In  this 
system  there  is  apt  to  be  an  unbalancing  of  the  load  on  the  three 
phases.  It  is  used  only  with  smaU  furnaces.  To  get  a  better  bal- 
ancing of  phases,  conducting-hearth  furnaces  are  connected  as  shown 
in  figure  49,  where  each  furnace  is  connected  to  a  phase  or  there 
may  be  two  furnaces  to  a  phase,  the  whole  system  being  in  delta 
connection. 

For  singje-phase  furnaces  the  method  shown  in  figure  50  is  the 
best,  where  three  nonconducting  bottom  furnaces  are  each  connected 
by  the  delta  arrangement  to  the  three  transformers  of  a  three-phase 
line.  Thus  the  primary  and  secondary  are  both  connected  by  the 
delta  system.  By  this  arrangement  there  is  a  better  baltmcing  of 
the  load  in  the  separate  phages.  Also  it  is  possible  to  cut  out  one 
furnace  if  desired. 
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A  three-phase  furnace  with  a  nonconductmg  bottom  is  connected 
as  in  figure  51,  where  three  electrodes  are  each  connected  to  a  trans- 
former, there  being  a  common  neutral  line  between  the  three  trans- 
formers. It  is  not  difficult  to  keep  the  phases  balanced  in  this  sys- 
tem, and  it  is  very  satisfactory,  li  there  is  more  than  one  electrode 
to  a  phase  in  a  furnace  of  this  type  it  has  been  foimd  difficult  to 
keep  the  phases  balanced.  That  has  been  the  experience  with  one 
electric  pig-iron  furnace,  whereas  with  others  no  difficulty  has  been 
experienced. 

SOME     EUROPEAN    EliECTRIC-FURNACE    FERRO-AIiIjOT' 

PliANTS. 

TTRTiTiEB,  LELET7X  So  CO.,  LIVET,  ISftBB,  FRANCE. 

The  main  works  of  Keller,  Leleux  &  Co.  are  at  Livet,  Isdre,  France, 
about  20  miles  from  Grenoble.    There  is  also  a  small  plant  using 

450  kilowatts  at  Kerrouse,  in  the 
same  district.  The  company  orig- 
inally manufactured  only  calcium 
carbide,  but  later  took  up  ferro- 
alloy production  on  a  large  scale 
in  conjimction  with  the  production 
of  carbide.  livet  is  connected  with 
Grenoble,  which  is  on  the  main  line 
of  the  Paris,  Lyons  &  Marseille 
Railroad,  by  an  electric  and  steam 
tramway. 

POWER   SUPPLY. 


FiouBB  51.— Electrical  cosmeoUons  of  a  three- 
phase  furnace. 


The  company  develops  its  own 
power    on   the   Romanche   River, 
where  a  head  of  200  feet  is  utilized 
by  means  of  a  l^mile  timnel.   The 
cost  of  power  is  said  to  be  $10.66  to  $13.33  per  kilowatt-year,  or 
0.12  to  0.15  cent  per  kilowatt-hour.    At  high  water  there  is  a  maxi- 
mum of  12,000  to  14,000  kilowatts  available,  but  for  the  four  months 
from  November  1  to  March  1  this  drops  to  7,000  kilowatts,  some  of  the 
furnaces  being  shut  down  and  others  operated  with  reduced  power. 
The  first  installation  of  generating  machinery,  which  is  still  in  use, 
consists  of  six  single-phase  dynamos  of  900  kilowatts  each,  delivering 
ciurent  of  55  cycles  directly  to  sbc  furnaces  at  55  volts.     A  more 
recent  installation  contains  three  2,200-kilowatt  three-phase  machines, 
connected  in  parallel  and  generatmg  ciurent  at  2,300  volts  and  25 
cycles.    This  is  stepped  down  by  transformers  at  the  fmnaces.    In 
ddition  to  the  equipment  mentioned  there  are  several  smaller 
lerators  used  for  general  purposes. 
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GENERAL   PLAN   OF  THE    WORKS   AND   FURNACES. 

The  plant  is  arranged  so  as  to  require  considerable  rehandling  of 
materials  to  be  charged  into  the  furnaces.  There  are  3  furnace 
houses  of  stone-and-steel  construction,  35  feet  wide,  75  feet  long,  and 
about  20  feet  high.  Each  building  contains  three  furnaces,  which 
are  set  up  against  one  wall  with  the  transformers  in  a  room  directly 
outside  the  wall.  Or,  if  the  furnaces  are  supplied  directly  by  the  gener- 
ators, the  arrangement  is  the  same  except  that  there  are  no  trans- 
formers. The  space  in  front  of  the  furnaces  is  used  as  a  tapping 
floor.  Both  carbide  and  ferro-fiUoy  are  tapped  into  small  ladle 
trucks  and  dumped  in  an  adjoining  shed  for  cooling  and  packing. 
Around  the  top  of  each  furnace  there  is  a  steel  floor  for  charging. 

There  are  six  Keller  furnaces  of  the  type  previously  described  (fig. 
40),  working  on  ferro-alloys  and  three  on  calcium  carbide.  The  car- 
bide furnaces  take  from  1,200  to  2,200  kilowatts  each,  while  the  ferro- 
alloy furnaces  are  from  900  to  1 ,000  kilowatts  capacity,  making  a 
total  of  about  6,000  kilowatts  being  used  in  ferro-alloy  production. 
The  furnaces  directly  connected  to  the  single-phase  generators 
receive  current  at  50  volts  at  the  furnace.  The  furnaces  on  the  three- 
phase  circuit  have  a  single-phase  transformer  to  each  furnace  as 
shown  in  figure  50,  so  that  the  voltage  varies  from  50  to  70  volts  at 
the  fiunace. 

PRODUCTS. 

Three  grades  of  ferrosilicon,  containing  25,  50,  and  75  per  cent 
silicon,  are  manufactured  at  these  works.  The  charge  consists  of 
iron  turnings^  quartzite,  and  anthracite  coal.  Only  iron  turnings 
containing  less  than  0.10  per  cent  phosphorus  are  used  to  obtain  the* 
iron.  The  cost  of  turnings  at  Li  vet  is  about  $14  per  ton.  The 
quartzite  is  grotmd  and  contains  94  to  96  per  cent  SiO,,  with  some 
phosphorus.  Sand  is  not  used  to  supply  the  silicon  at  this  plant  as  it 
appears  to  cause  irregular  operation  of  the  furnaces.  •  For  a  reducing 
agent,  anthracite  coal  containing  7  per  cent  ash,  0.013  per  cent 
phosphorus,  and  0.41  per  cent  sidphur  is  used.  The  materials  are 
weighed  and  throughly  mixed  before  being  charged.  About  500 
pounds  of  30  per  cent  alloy  is  tapped  every  2  hours.  The  30  per 
cent  ferrosilicon  requires  3,500  kilowatt-hours  per  ton,  and  the  50 
per  cent  alloy  6,800  kilowatt-hours  per  ton.  After  the  slag  has  been 
tapped  into  a  truck  ladle  it  is  skinuned  from  the  metal  by  means  of  a 
green  log  placed  crosswise  on  a  wooden  handle.  The  molds  are  lined 
with  sand.  After  having  been  allowed  to  cool  the  ferrosilicon  is 
broken  up  with  a  hammer  and  packed  into  wooden  kegs. 

Ferrochrome  of  all  grades  is  manufactured  at  Livet.  The  raw 
materials  used  consist  of  chromite  ore  containing  35  to  40  per  cent 
chromiimi,  with  traces  of  phosphorus  and  sidphur,  and  anthracite 
coal  as  a  reducing  material. 

47000^— Bull.  77—14 9 
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Other  ferro-alloys  made  are  silicomanganese,  ferrotungsten,  ferro- 
titaniiun,  and  ferrovanadium.  The  total  yearly  production  of  the 
Keller  works  consists  of  about  1,500  tons  of  25  to  30  per  cent  ferro- 
silicon,  3,000  tons  of  50  per  cent  ferrosilicon,  6,000  tons  of  ferro- 
chrome,  1,500  tons  of  silicomanganese,  6,000  tons  of  calciima  carbide, 
and  smaller  quantities  of  the  higher  priced  ferro-alloys. 

SOCI£t£    fiLBCTBO-MfiTAIXTJBGIQTJE    PROCfiD^S    PATTL    GIROD, 

TTGINE,    SAVOIE,    FRANCE. 

In  1898,  Girod  began  the  experimental  work  on  the  manufacture 
of  ferro-alloys  in  the  electric  furnace  at  Albertville,  Savoie,  France, 
with  a  small  20-kilowatt  furnace.  In  1899  he  opened  at  Albertville 
a  small  works  of  38-kilowatt  capacity.  Later  in  the  same  year  the 
erection  of  a  larger  plant  was  begxm  at  that  place.  The  Albertville 
])lant  had  a  capacity  of  750  to  950  kilowatts,  and  consisted  of  5 
furnaces,  each  taking  150  to  200  kilowatts.  The  plant  has  since  been 
dismantled  and  the  equipment  moved  to  Ugine. 

In  1903,  the  construction  of  new  works  was  begun  at  Courtepin, 
Switzerland.  The  plant  uses  2,250  kilowatts  of  25-cycle  three-phase 
current,  which  is  delivered  at  32,000  volts  and  stepped  down  to  50 
to  75  volts  at  the  works.  The  furnaces  at  Courtepin  are  used  almost 
entirely  in  the  production  of  ferrosilicon  containing  25  to  30  per  cent, 
50  per  cent,  75  per  cent,  and  95  per  cent  silicon. 

In  June,  1903,  the  present  company  was  organized  with  a  capitali- 
zation of  $360,000,  which  has  been  increased  to  $2,400,000,  of  which 
$1,000,000  is  in  bonds.  In  1903  the  works  at  Ugine  were  erected. 
In  addition  to  the  works  mentioned,  there  is  a  power  plant  at  St. 
Gervais,  Switzerland. 

Ugine  is  situated  on  a  branch  line  of  the  Paris,  Lyon  &  Mar- 
seille Railway  between  Annecy  and  Albertville.  The  works  are 
about  three-quarters  of  a  mile  from  the  main  line,  with  which  con- 
nection is  made  by  an  electric  tramway  for  freight  haulage,  which 
is  operated  by  the  Girod  Co.  The  buildings  are  all  on  the  north 
bank  of  the  Arly  River. 

POWER    SUPPLY. 

The  total  capacity  of  all  of  the  Girod  power  plants  is  about  28,000 
kilowatts.    There  is   a   possible  development  of  30,000  kilowatts 
more,  a  total  of  58,000  kilowatts.    The  average  cost  of  power  from 
all  sources  is  about  $18.66  per  kilowattr-year,  or  0.21  cent  per  lote*^^    a 
watt-hour. 

A  short  distance  up  the  Arly  River  from  the  plant  is  the  dam 
of  one  of  the  power  plants  of  the  Girod  Co.  The  water  is  led 
directly  to  the  plant  by  a  pipe  line,  the  total  faU  being  416  feet.  Ten 
dynamos,  driven  by  10  Pelton  wheels,  generate  6,000  to  7,000  kilo- 
watts of  single-phase  currenti  which  is  conducted  directly  to  the 
furnaces  in  the  old  furnace  house. 
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At  La  Fayet,  also  on  the  Arly  River,  at  a  considerable  distance 
from  Ugine,  9,000  to  15,000  kilowatts  of  three-phase  current  is 
developed.  This  is  transformed  at  the  works  from  45,000  to  60  or 
75  volts  for  the  furnaces  and  2,500  volts  for  conversion  to  direct 
current.  About  4,500  kilowatts  of  three-phase  current  is  obtained 
from  a  plant  at  St.  Gervais,  Switzerland,  on  fhe  Bonnart  Biver.  To 
supply  a  deficiency  during  the  iow-water  months,  from  October  1  to 
April  1,  6,000  to  7,500  kilowatts,  all  three-phase  at  4,500  volts,  is 
leased  from  another  electrometallui^cal  company  at  Veuthin. 

The  present  capacity  of  the  two  Girod  power  plants  on  the  Arly 
River  that  supply  the  Ugine  plant  is  about  24,000  kilowatts.    For 


Ftani  S3.— Flao  of  Glrad  IcrroaUoy  plant:  1,  garage;  2,  vlUa:  3,  porter's  lodga;  4,  dwelling  house;  j, 
portal;  S,  dwaUing  hooM:  T,  road:  B,  lilting  and  tinsmith  ihoii,  75  b}' 25 feet;  B.metal-oortingshop,  75  by  25 
hat;  10,  tebcinn>  dinmg  haU;  11,  nw-materiala  storeroom,  2U  by  10  f«t;  12,wor1i3bDp,«)b]'40[Mt;  13, 
dlnfaig  rootn;  H,  lavatories;  IS,  fownen'g  offlea;  10,  packing  sbop,  M  by  10  feel;  17,  hammer  with  (alUng 
might  of  330  pounds;  IS,  foremm's  olDce;  IS,  ihoii  forflttbigiip  slectrDdca;  30,  npalring  Bhop;  21,  work- 
shqi  lor  pre^iaratloD  of  graphite;  32,  gamal  olBoe:  n,  trannfortaar  hcxue,  17Sli]r25fMt;  21,  furnace  bouw, 
UO  by  35  feat;  2S,  corend  yard,  leoby  2Jfeet;  30,  lurcace  house,  lMby2Jf»t;  27,  tranifonnet  bou»,  ISO 
by  K  feet;  38,  lerroalloyi  store  bDum,  130  by  SO  feet;  29,  mvered  yard.HOby  SOteet;  3D,  old  furnace  house. 
410 by  30  feel;  31,  power  house.  380  by  10 feet;  33.stock  shed, 3e0  by  M feet;  33,  isw-materlali  storehouse; 
DvwsmalttagworkifSaObyTG  feet;  31,  Arly  River;  35,  otmdult  pipe;  3S,  chimney.  125  feet  high;  3T,  mad  Ifl 
UglDe;  38,  graphite  and  CBrban  storehouse,  150  by  100  Icet;  30,  chhnney;  10,  electrode  atorehooae,  170  by 
M  feet:  II,  furnace  boun  (or  electrode  numuCacture,  ITO  by  10  feet;  II,  electrode pnsws,  elo.,  UO  by  TSfeel; 
0,  gawmlll;  M,  gi^hlle  atmhouse;  16,  dwelling  house. 

four  months,  from  October  to  February,  and  sometimes  to  April, 
the  current  delivered  is  reduced  to  about  12,000  kilowatts  when  leased 
power  is  used.  All  of  the  power  developed  by  the  Girod  plants, 
except  about  6,000  kilowatts  that  supplies  the  electric  steel  works,  is 
used  in  ferro-alloy  manufacture. 

GENERAL  FLAN  OF  THE   WORKS. 

The  works  cover  about  500,000  square  feet,  including  the  electrode 
department,  which  is  operated  in  conjunction  with  the  ferro-alloy 
plant.    The  general  layout  of  the  plant  is  shown  in  figure  52. 

The  old  furnace  budding  is  of  stone  construction,  440  feet  long, 
30  feet  wide,  and  18  feet  high.    The  power  house  runs  parallel  to  it. 
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with  a  wall  between  the  furnaces  and  the  generators,  so  that  a 
furnace  is  not  more  than  20  feet  from  its  generator.  The  ends  of 
the  furnace  building  are  open,  with  an  open  ventilation  on  the  top 
for  the  length  of  the  building.  Adjoining  the  furnace  building  on  the 
side  away  from  the  furnaces  is  an  open  shed  into  which  the  finished 
products  are  dumped  to  cool.  Ore,  sand,  and  coal  are  weighed  and 
mixed  on  the  floor,  from  which  they  are  shoveled  into  the  furnace 
tops. 

The  furnaces  in  the  old  works  are  chiefly  used  for  the  manufacture 
of  the  higher-priced  alloys.  There  are  18  furnaces,  ranging  in  size 
from  150  to  560  kilowatts  capacity  each.  Both  crucible  and  elec- 
trode furnaces  are  installed.  The  furnaces,  about  6  feet  apart,  are 
set  along  one  wall,  with  the  wheel  for  hand  regulation  of  electrodes, 
as  well  as  the  electrical  instruments,  on  the  opposite  wall.  The 
electrodes  are  suspended  by  cables  running  over  blocks  on  the  steel 
trusses  of  the  roof. 

At  the  new  works  the  raw  materials  are  unloaded  from  the  rail- 
way cars  into  the  open  raw-material  shed.  An  electromagnet  crane 
is  used  in  unloading  iron  turnings.  The  ores  are  then  carried  in 
small  electrically  hauled  cars  to  the  new  furnace  house,  where  they 
are  elevated  to  bins  above  the  furnaces.  Weighing,  mixing,  and 
chaining  are  done  here  from  a  floor  at  the  level  of  the  furnace  top, 
considerable  labor  being  thus  saved  over  that  necessary  at  the  old 
plant.  The  transformers  for  the  three-phase  current  are  set  in 
rooms  parallel  to  each  furnace  house.  The  furnaces  are  set  close  to 
the  dividing  wall.  Beyond  the  other  wall  of  the  furnace  house 
is  an  open  shed,  into  which  the  hot  products  are  dumped.  The 
furnaces  in  the  new  works  are  all  of  the  electrode  type,  taldng  375  to 
900  kilowatts.  The  electrodes  are  supported  by  cables  running  to 
the  steel  framework  over  the  furnaces.  Regulation  is  by  hand,  as  in 
most  ferro-alloy  furnaces. 

PRODUCTION. 

The  Girod  Co.  employs  400  to  500  men  in  the  production  of 
ferro-alloys,  the  yearly  value  of  which  is  between  $2,000,000  and 
$3,000,000.  The  quantity  produced  varies  considerably  from  year 
to  year,  but  the  production  is  estimated  at  15,000  to  20,000  tons; 
ferrosilicon,  30  to  90  per  cent  silicon,  6,000  tons;  ferrochrome,  5,000 
tons;  ferro tungsten,  1,000  tons;  silicomanganese,  2,000  tons;  other 
alloys,  1,000  tons.  The  details  of  manufacture  of  these  alloys  is 
about  as  is  later  described  in  general  under  each  ferro-alloy. 

HEBAKEB  ELBCTBIO  SMELTING  CO. 

The  works  of  the  Meraker  Electric  Smelting  Co.  are  at  Kopperaaen, 
Norway,  55  miles  east  of  Trondjhem  on  the  main  line  of  the  railroad 
to  Stockholm.    The  company  operates  an  electric-furnace  plant  for 


EUBOPEAN   ELECTMC-PURNACE   FERRO-ALLOY  PLANTS.  123 

the  manufacture  of  calcium  carbide  and  ferro-alloys  at  Kopperaaen, 
and  a  pulp^rinding  plant  about  3  miles  west,  at  Meraker.  The  con- 
cern has  been  manufacturing  since  1905;  and,  in  spite  of  several  fires 
that  almost  destroyed  the  plant,  has  been  very  successful.  In  the 
summer  of  1912,  ferrochrome  was  the  only  alloy  manufactured, 
but  it  was  the  intention  of  the  company  to  begin  the  production  of 
other  ferro-alloys,  especially  ferrotitanium,  during  the  next  year. 

POWER  SUPPLY. 

The  company  owns  its  own  power  plants.  At  Kopperaaen  there 
is  a  fall  of  250  feet  in  the  Kopperaaen  River.  The  river  is  fed  by  two 
lakes  r^ulated  so  as  to  give  a  minimum  flow  of  160  cubic  feet  per 
second  and  a  maximum  flow  of  210  cubic  feet  per  second.  At  present 
about  2,250  kilowatts  is  developed  at  the  foot  of  this  fall  at  Kopper- 
aaen, and  750  kilowatts  more  is  received  from  the  power  plant  at  the 
pulp  miU  in  Meraker.  The  total  power  used  in  the  electric-furnace 
plant  is  about  3,000  kilowatts.  At  Kopperaaen  there  are  two  1,125- 
kilowatt  direct-current  generators  delivering  current  at  the  furnaces 
at  65  volts  and  about  14,250  amperes.  There  are  also  several  small 
units  for  power  and  lighting  purposes.  Of  the  3,000  kilowatts  now 
being  used  half  is  for  ferrochrome  manufacture  and  the  rest  for  calcium 
carbide  manufacture.  The  cost  of  power  is  stated  to  be  $8.30  per 
kilowatt-year,  or  0.095  cent  per  Mlowatt-hour.  At  a  point  farther  up 
the  river  3,000  kilowatts  more  is  to  be  developed  this  year,  making  a 
total  of  6,000  kilowatts  used  in  the  electric  furnaces.  When  desired 
it  is  possible  to  develop  4,000  kilowatts  more  at  this  point. 

GENERAL  PLAN  OF  WORKS  AND  FURNACES. 

Raw  materials  are  unloaded  into  bins  near  the  Kopperaaen  railroad 
station,  about  one-half  mile  from  and  300  feet  above  the  plant. 
There  are  bins  for  coal,  limestone,  and  chromite.  Besides  the  bins 
there  is  a  shipping  house  where  boxes  for  ferrochrome  and  iron 
drums  for  calcium  carbide  are  made.  An  aerial  tramway  runs  from 
the  bins  and  shipping  house  to  the  main  storage  bins  about  200  feet 
from  the  furnace  house  but  at  an  elevation  200  feet  higher.  Here 
the  raw  materials  are  dumped  from  the  tram  buckets,  and  boxes  and 
drums  of  product  are  loaded  into  the  buckets  after  having  been  hauled 
up  the  hill  from  the  fumacehouse  by  cable  skips.  At  the  level  there 
is  a  kiln  for  calcination  of  the  limestone.  From  the  bins  200  feet 
above  the  furnace  house  the  ores,  coal,  and  lime  are  lowered  to  the 
furnaces  by  an  incline  skip  discharging  into  bins  above  and  outside 
the  furnace  house. 

From  these  bins  the  materials  are  drawn  into  cars  running  around 
a  floor  in  the  furnace  room  about  16  feet  above  the  main  working 
floor,  and  are  dumped  into  small  chutes  at  each  furnace.    The  chutes, 
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two  to  each  furnace^  are  about  4  feet  deep,  and  1^  feet  by  1  foot  in 
cross  section.  From  these  chutes  the  ore,  coal,  and  lime  are  drawn 
into  small  cars  and  dumped  into  the  furnaces  about  15  feet  away. 

The  furnace  house  is  about  110  feet  long,  75  feet  wide,  and  22  feet 
high,  and  is  built  of  structiural  steel  with  brick-and-stone  Walls.  An 
open  ventilator  in  the  roof  runs  the  length  of  the  building.  The  gases 
from  all  the  furnaces,  except  one  that  is  covered  and  connected  with 
a  stack,  escape  into  the  furnace  room  and  pass  out  through  the  roof. 

The  main  floor  of  the  furnace  house  is  cement,  with  tracks  inlaid  for 
the  hauling  of  small  ladle  trucks.  There  is  an  open  space  at  one  end 
for  the  dumping  of  hot  carbide  and  ferrochrome.  Around  each  fur- 
nace at  the  level  of  the  furnace  top  there  is  a  steel  floor,  supported 
by  iron  pillars.  The  furnaces  are  chained  from  these  floors,  which  are 
about  15  by  20  feet. 

There  is  a  steel  floor  10  feet  wide  suspended  above  the  charing 
floor.  The  main  bins  are  dischai^ed  into  the  individual  furnace 
chutes  from  this  floor.  This  floor  also  extends  out  over  each  furnace 
to  make  charging  of  the  electrodes  less  difficult. 

There  are  five  750-kilowatt  furnaces  of  the  Alby  type  (fig.  44), 
arranged  two  on  each  side  and  one  at  the  end  of  the  room.  Only  four 
of  these  are  operated  at  a  time,  one  being  kept  in  reserve.  There  is 
abo  a  450-kilowatt  furnace  of  this  arc  type  with  a  shallow  hearth  for 
refining.  Three  of  these  furnaces  are  operated  with  direct  current 
at  60  volts  and  one  by  single-phase  current  at  the  same  voltage. .  The 
electrode  holders  are  of  the  type  shown  in  figure  45.  A  spare  one  is 
left  to  facilitate  chai^ng  at  each  furnace.  Jointed  connections  for 
continuous  feeding  are  not  used.  In  the  four  open-top  furnaces  an 
electrode  48  by  10  inches  by  6  feet  long  lasts  about  10  days,  whereas 
in  the  covered-top  furnace  they  last  14  to  16  days.  The  electrodes 
project  about  10  to  12  inches  into  the  charge,  which  is  not  molten  at 
the  top,  and  are  consumed  down  to  about  2-foot  to  1-foot  lengths. 

The  lining  of  magnesite  and  tar  in  one  ferro-alloy  furnace  had  been 
in  use  for  22  months  and  the  other  6  months.  The  power  had  not 
been  off  these  furnaces  at  all  during  that  time  except  for  about  15 
minutes  a  week  when  electrodes  were  changed.  The  current  is  con- 
ducted from  the  power  house  at  the  end  of  the  furnace  room  by 
copper  cables.  The  connection  to  the  carbon-block  base  of  each 
furnace  is  made  by  many  small  wires  leading  to  the  main  cable  line. 

PRODUCTS. 

The  Meraker  company  produces  4,000  tons  of  calcium  carbide  and 
2,000  tons  of  ferrochrome  annually.    Turkish  ore  and  English  anthrsr 
cite  coal  are  used  for  the  manufacture  of  the  ferrochrome.    In  cal- 
cium-carbide production  the  power  consumption  is  about  0.375  kilo- 
vatt-year  per  metric  ton  or  1 .5  kilowatt-hours  per  pound.     The  power 
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consumption  for  ferrochrome  is  0.75  kilowatt-year  per  metric  ton  or 
3  kilowatt-hours  per  pound.  The  carbide  and  ferrochrome  are  tapped 
every  2  and  4  hours,  respectively.  The  carbide  is  sized  before  being 
packed  into  50-kilogram  (110-poimd)  drums,  and  the  ferrochrome  is 
broken  into  lumps  less  than  6  inches  square  and  packed  into  200- 
kilogram  (440-pound)  boxes. 

This  company  makes  only  ferrochrome  that  can  be  produced  with- 
out the  refining  process  described  later,  so  that  the  carbon  content 
of  its  product  varies  from  2  to  10  per  cent.  It  is  very  easy  to  make 
a  ferrochrome  of  6  per  cent  carbon  content  without  refining  the 
product.  The  cost  of  manufacture  of  carbide  is  given  at  about  $30 
per  metric  ton.  All  products  are  sold  through  a  syndicate  of  manu- 
facturers organized  to  prevent  overproduction  if  possible.  The  com- 
pany employs  120  men,  part  of  whom  work  an  8-hour  shift  and  part 
10  hom^.  The  men  in  the  fmnace  house  are  on  an  8-hour  shift.  The 
minimum  wage  is  SI. 25  for  a  10-hour  shift. 

FERRO- ALUMINUM . 

Aluminum  is  usually  used  by  the  steel  maker  in  the  form  of  metallic 
aluminum,  but  sometimes  a  ferro-aluminum  is  made.  Metallic  alu- 
minum  is  supplied  in  half-round  sticks  or  notched  ingots.  Ferro- 
aluminum  is  made  containing  5,  10,  and  20  per  cent  alimiinimi,  with 
the  rest  iron.  The  other  iron-aluminum  alloys,  such  as  ferro-alu- 
minum silicon,  are  discussed  later. 

The  manufacture  of  ferro-alimiinum  consists  simply  in  melting 
aluminum  and  iron  together  in  the  desired  percentages.  This  may 
be  done  in  either  an  electric  fmnace  or  a  combustion  furnace  of  the 
crucible  type.  Aluminum  or  ferro-aluminum  is  added  in  the  ladle 
and  serves  only  for  the  deoxidizing  of  the  steel. 

Iron  containing  5  to  6  per  cent  aluminum  is  fragile.**  At  7  per 
cent  aluminum  the  alloy  has  a  crystalline  structure.  An  iron  alumi- 
mun  alloy  containing  over  20  per  cent  aluminum  has  no  magnetism. 
Ferro-aluminum  containing  from  0  to  34  per  cent  aluminum  con- 
sists of  mixed  crystal  of  iron  and  aluminum.^  When  34  to  52  per 
cent  aluminum  is  present  there  are  crystals,  and  with  52  to  100  per 
cent  aluminimi  the  alloys  FeAl,  and  Al  are  foimd  together. 

FERROBORON. 

Ferroboron  is  not  as  yet  very  commonly  used,  as  the  eflfect  of  boron 
on  steel  has  not  been  extensively  investigated.  Ferroboron  is  manu-> 
factured  directly  by  the  reduction  of  colemanite  CaaB^On,  SH^O  and 
iron  with  carbon  in  an  electric  furnace  of  one  of  the  types  already 

aGuiUet,  L.,  £tnde  Industriel  des  AlUages  M4taUlqae,  p.  090. 
b  Robin,  F.,  Traits  de  MdtaUographie,  1912,  p.  304. 
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described.    The  analysis  of  a  typipal  Pacific  Coast  colemanite  is  as 
follows:** 

Percent. 

BjOj 27.  23 

CaO 28.80 

HjO 25.30 

FeaOj Trace. 

Insoluble 0.  74 

In  the  western  United  States  there  ai'o  large  deposits  of  this  mineral, 
the  principal  use  for  which  is  in  the  manufacture  of  borax.  In  manu- 
facturing ferroboron,  carbon  is  mixed  with  the  colemanite  and  iron 
turnings  or  iron  ore  in  sufficient  quantity  to  produce  as  complete 
reduction  as  possible,  although  the  slags  are  usually  high  in  boron. 
The  product  of  the  reduction  with  carbon  in  the  electric  furnace  is  of 
various  grades  containing  10  to  12,  20  to  25,  and  30  to  35  per  cent 
boron.  A  typical  ferroboron  of  the  latter  class  had  the  following 
composition: 

Percent. 

Boron 32.76 

Carbon 2.875 

Sulphur 03 

Phosphorus , 006 

In  a  French  patent  Girod  claims  that  the  presence  of  boron  either 
as  colemanite  or  as  the  alloy  in  a  charge  gives  a  more  fluid  slag  in  the 
manufacture  of  other  ferro-alloys,  and  if  it  goes  into  the  alloy  increases 
its  value. 

Hansen  ^  has  patented  a  method  for  the  production  of  ferroboron 
from  colemanite  with  ferrosilicon  as  a  reducing  agent.  In  this  way 
there  is  no  carbon  in  the  ferroboron,  but  it  is  apt  to  contain  consider- 
able silicon.  The  colemanite  is  powdered  and  briquetted  with  enough 
ferrosilicon  to  provide  silicon  for  complete  reduction  of  the  boron 
and  to  slag  off  the  calcium  oxide.  Water  glass  or  some  other  suitable 
material  is  used  as  a  binder.  The  briquets  are  subjected  to  a  tempera- 
ture of  over  2,000®  C,  giving  ferroboron  and  a  calcium  silicate  slag. 

Ferroboron  containing  about  10  per  cent  boron  seems  to  give  the 
best  results.  Ferroboron  is  added  in  the  ladle  and  may  be  used  for 
deoxidizing,  desulphurizing,  and  for  a  fixed  addition  of  boron  to  steel. 

Guillet  ^  states  that  the  best  commercial  boron  steel  is  that  con- 
taining 0.22  per  cent  carbon  and  0.5  per  cent  boron.  Boron  steels 
are  practically  useless  unless  tempered,  when  they  have  high  tensile 
strength  and  elastic  limit  and  great  resistance  to  shock. 

a  Iwai,  K.,  and  Ballagh,  J.  L.,  Investigation  of  ferroboron:  Min.  and  Soi.  Press,  vol.  90, 1900,  p.  185. 

6  U.  S.  Patent  982135,  Jan.  17, 1011. 

•  Quillet,  L.,  £tude  Industriel  des  AUiages  M<$taliique,  p.  372. 
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FERROCHROME. 

HISTORY. 

More  ferrochrome  is  manufactured  in  the  electric  furnace  than 
any  other  ferro-alloy  except  ferrosilicon.  The  alloy  of  iron  and 
chromium,  called  ferrochromiimi  or  ferrochrome,  has  been  known 
since  1820  through  the  studies  of  Faraday  and  Stodarts,  and  also  by 
the  work  of  Berthier.  Berthier  found  that  by  adding  ferrochrome 
containing  17  per  cent  chromium  to  steel,  so  as  to  give  IJ  per  cent 
chromiiun  in  the  steel,  a  product  of  better  quality  was  obtained. 
Baur  found  40  years  later  that  ferrochrome  was  the  best  agency  to 
use  for  adding  chromium  to  steel.  Other  experimental  work  on 
chrome  alloys  was  done  by  Fremy,  Percy,  and  Mushet. 

In  1873  Biermann,  of  Hanover,  announced  that  his  firm  was  pro- 
ducing ferrochrome  commercially.  In  1877  the  English  firm  of 
Hadfield  put  on  the  market  some  ferrochrome  containing  10  to  30 
per  cent  chromium.  The  French  firm  of  Holtzer  &  Co.  also  began 
manufactm-e.  By  1886,  as  the  value  of  chromiiun  in  steel  became 
more  understood,  there  were  several  regular  producers  of  ferrochrome. 
In  1899  there  began  the  production  of  ferrochrome  in  the  electric 
furnace.  Up  to  that  date  all  of  it  had  been  made  in  either  the 
crucible  or  the  blast  furnace. 

WORK  OF  EXPEBIMENTEBS. 

NEUMANN. 

Neumann  **  investigated  the  use  of  ferrosilicon  as  a  reducing  agent 
for  chromite  (FeO.  CrjOj)  in  the  electric  furnace  in  an  effort  to  pro- 
duce a  carbon-free  alloy.  The  experiments  were  performed  in  an 
electric  fiu*nace  holding  about  1  kilogram  of  charge  and  operating 
with  100  amperes  and  30  to  50  volts.  Ferrosihcon  containing  91.65 
per  cent  silicon  and  1 .03  per  cent  carbon  was  used  as  a  reducing  agent. 
The  chromite  contained  31  per  cent  chromium  and  13  per  cent  iron. 
A  mixtm-e  of  (ISOAljOs+lOOCaO  or  lOOAljOs  +  lOOCaO)  was  placed 
in  the  furnace,  250  grams  being  used.  When  this  was  fluid,  700 
grams  of  a  mixtm-e  of  chrome  ore  and  ferrosihcon  was  added.  About 
140  grams  of  metal  was  obtained,  which  contained  38.05  per  cent 
chromium,  3.09  per  cent  sihcon,  and  1 .56  per  cent  carbon.  In  another 
experiment  the  metal  contained  43.16  per  cent  chromiimi,  2.53  per 
cent  silicon,  and  0.87  per  cent  carbon.  There  seems  to  have  been  a 
heavy  loss  through  slagging  of  chromium.  From  these  experiments 
it  is  evident  that  the  resulting  alloy  from  reduction  with  sihcon  will 
be  high  in  sihcon  and  also  contain  considerable  carbon  if  there  is  any 
present  in  the  sihcon  used. 

aNeumaim,  G.,  Herstellung  von  Ferro-liegiening  im  elektrisehen  Ofen:  Stahl  und  Eisen,  vol.  28, 
1906,  p.  356. 
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MOISSAN. 

Moissan  **  reduced  chromite  in  the  electric  furnace  with  carbon  as 
a  reducing  agent  and  obtained  a  ferrochrome  that  contained  60.9 
per  cent  chromium,  31.6  per  cent  iron,  6.1  per  cent  carbon,  and  1.1 
per  cent  silicon.  He  also  conducted  experiments  on  decarburiza- 
tion  of  ferrochrome.  A  ferrochrome  containing  61.81  per  cent  chro- 
mium, 30.02  per  cent  iron,  7.53  per  cent  carbon,  and  0.33  per  cent 
slag  was  broken  into  pieces  and  fused  under  a  bath  of  liquid  lime.  A 
fine  ground  metal  was  obtained,  which  contained  64  per  cent  chro- 
mium, 35.12  per  cent  iron,  0.70  per  cent  carbon,  and  10.22  per  cent 
slag. 


EXPERIMENTAL    SMELTING    OF    OHBOMTTE    IN 

FUBNACE. 


THE    ELEOTBIO 


CONSTRUCTION   OF   FURNACE   USED. 

Some  experiments  were  made  by  the  writer*  in  1912  on  the  pro- 
duction of  ferrochrome  from  chromite  with  carbon  as  a  reducing 
agent.  The  experiments  were  performed  in  a  furnace  lined  with 
magnesite,  having  one  upper  graphite  electrode  and  a  conducting 
hearth  of  iron  rods  embedded  in  magnesite.  The  interior  dimensions 
of  the  crucible  were:  Width  4  inches,  lei^th  8  inches,  and  depth  8 
inches.  The  furnace  took  8  to  12  kilowatts  of  single-phase  current 
at  30  to  50  volts.  The  furnace  held  12  to  15  pounds  of  the  cold 
charge. 

MATERIALS    USED   IN    CHARGE. 

The  chromite  used  was  a  foreign  grade  used  commonly  for  furnace 
linings.  Analyses  of  the  chromite,  coke,  lime,  and  fluorspar  used 
are  given  below: 

Analyses  of  raw  materiah  used  in  making  ferrochrome. 


Chromlle. 

Coke. 

LUne. 

Fluorspar. 

Constituent. 

Percent.  > 

1 

Coast  Ituent. 

Percent. 

Constituent. 

Per  cent. 

Constituent. 

Per  cent. 

CrjOt 

1 

»  46.36 

«21.46 

6.48 

12.80 

10.08 

Trace. 

.013 

.46 

Fixed  carbon.. 

Volatile  com- 
bustible 
matter 

Aah 

Moisture 

FeO 

HI.  48 

.26 

17.92 

.35 

1.20 

W.62 

.85 

.08 

.54 

CaO 

92.76 

1.34 

1.90 

Trace. 

.06 

CaF, 

CaCO, 

Al/), 

90.00 

FeO 

810, 

Al,Or-Fe,0, . . 
MgO 

.80 

SiOt 

8.60 

AljOj 

MjrO 

pf^:::::::... 

CaO 

p 

8 

SIO, 

CaO 

P 

8 

«  31.7  p*»r  cent  Cr.  « 16.6  per  cent  Fe. 

a  Moissan,  H.,  Tbe  electric  furnace,  p.  152.    Translated  by  V.  Lenher,  1904. 

b  Keeney ,  R.  M.,  Tbe  production  of  steels  and  ferro-alloyi  directly  from  ore  in  the  electric  furnace:  Iron 
uid  Steel  Inst.  (Carnegie  Scholarship  Memoirs),  vol.  4, 1012,  p.  106. 


FEREOCHROME.  129 

In  these  experiments,  contrary  to  the  usual  European  practice  in 
ferrochrome  manufacture,  lime  was  used  as  a  flux  to  show  its  desul- 
phurizing and  dephosphorizing  effect  with  an  ore  not  so  pure  as  the 
usual  ore  used  in  ferrochrome  production.  In  usual  practice  only 
the  most  pure  raw  materials  available  are  charged,  so  as  to  avoid  the 
excess  slag  caused  by  adding  lime.  The  only  slag  formed  is  from  the 
coal  or  coke  and  chromite. 

RESULTS   OBTAINED. 

Five  experiments  were  made  in  which  the  fmnace  was  charged 
and  tapped  at  the  completion  of  reduction.  In  these  experiments 
the  chromiimi  percentage  of  the  alloy  seemed  to  run.  considerably 
lower  than  had  been  calculated,  although  this  residt  is  explained  in  a 
measiu*e  by  the  fact  that  the  carbon  in  the  metal  was  not  considered 
in  calculating  the  theoretical  percentage.  The  carbon  content  was 
high  in  all  of  the  alloys  and  does  not  seem  to  be  influenced  by  the 
carbon  in  the  charge  as  long  as  there  is  excess,  which  was  the  case. 
The  phosphorus  content  also  was  high  in  all  of  the  products.  Seem- 
ingly all  of  the  phosphorus  charged  was  concentrated  in  the  metal. 
This  was  caused  by  the  excessive  reducing  conditions  which  did  not 
permit  the  slagging  of  the  phosphorus  as  calcium  phosphate.  The 
ore  contained  considerable  sidphur — 0.45  per  cent — but  almost  all 
of  it  passed  into  the  slag,  probably  as-calciimi  sidphide.  There  was 
considerable  loss  of  chromiimi  and  iron  in  the  slag.  In  some  cases 
the  percentage  of  iron  in  the  slag  exceeded  that  of  the  chromium, 
but  in  no  case  did  the  percentage  of  chromic  oxide  in  the  slag  exceed 
9  per  cent,  or  the  percentage  of  chromiimi,  4.69  per  cent,  showing 
that  in  the  endeavor  to  keep  the  carbon  in  the  alloy  low  the  propor- 
tion of  coke  added  was  not  sufficiently  in  excess  for  complete  reduc- 
tion or  that  the  fmnace  was  not  hot  enough.  The  former  was  probably 
the  case,  as  the  furnace  was  operated  as  an  arc  furnace  throughout 
the  experiments. 

In  two  experiments  (Nos.  6  and  7  of  table  following)  the  furnace 
was  left  full  and  several  tappings  were  made  during  the  run,  the  usual 
practice  of  ferrochrome  manufactm-e  thus  being  followed.  Com- 
mercial ferrochrome  is  usually  5  to  10  per  cent  carbon,  containing 
60  to  65  per  cent  chromiimi. 

Details  of  the  seven  experiments  mentioned  above  are  presented 
in  the  following  table: 
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In  these  experiments  the  percentage  of  chromium  in  the  alloy 
closely  approached  the  theoretical.  The  percentage  of  carbon  was 
also  lower  in  these  alloys  because  of  the  decarbiirizmg  effect  of  the 
unreduced  oxide  in  the  charge  above  the  molten  metal.  The  slag 
loss  of  iron  and  chromium  was  higher  in  these  runs  than  in  the  mter- 
mittent  experiments  because  of  unreditbed  oxide  getting  into  the 
slag  on  tapping. 

A  total  of  50  pounds  of  ferrochrome  was  tapped  during  the 
experiments,  or  an  average  extraction  of  69.5  per  cent.  The  average 
iron  content  of  the  slag  for  all  experiments  was  13.4  per  cent  FeO 
(10.4  per  cent  Fe);  the  average  chromiimi  content  of  the  slag  was 
10.3  per  cent  CrjOa  (6«6  per  cent  Cr).  In  the  intermittent  experi- 
ments the  average  percentages  in  the  slag  were  12.1  per  cent  FeO 
(9.4  per  cent  Fe)  and  8.07  per  cent  0,0,  (5.32  per  cent  Cr).  Thus, 
of  the  loss  of  30.5  per  cent  of  material  that  was  not  tapped,  11.9 
per  cent  was  chromiimi  and  18.6  per  cent  was  iron,  on  the  assiunption 
that  of  the  total  average  loss  39  per  cent  was  chromiiun  and  61  per 
cent  iron.  A  large  part  of  the  ferrochrome  not  tapped  stuck  in 
the  furnace.  Although  the  average  electrode  consumption  was  158 
potinds  per  ton,  the  figure  obtained  in  experiment  No.  6,  48.1  poimds, 
would  probably  be  attained  in  practical  operation.  The  average 
power  consmnptionwas  3.7  kilowatt-hours  per  pound,  or  0.85  kilowatt- 
year  per  ton. 

The  conclusions  drawn  are,  first,  ferrochrome  can  be  easily  manu- 
factured directly  from  chromite  in  the  electric  furnace;  second,  the 
percentage  of  carbon  in  ferrochrome  can  not  be  kept  low  by  regulat- 
ing the  carbon  charged  without  excessive  loss  of  chromiimi  in  the 
slag;  third,  the  percentf^e  of  carbon  in  the  ferrochrome  must  be 
regulated  by  decarburization  with  an  oxide  sl{^  of  iron  or  chromite 
after  the  slag  from  reduction  has  been  tapped  off;  fourth,  the  pro- 
portions of  silicon  and  phosphorus  can  not  be  kept  low  in  the  alloy 
under  the  strong  reducing  conditions  necessary;  fifth,  sulphur  can 
be  easily  slagged;  sixth,  as  the  addition  of  lime  does  not  seem  to 
aid  in  reducing  phosphorus,  it  is  advisable  to  use  no  lime  but  raw 
materials  as  pure  as  possible;  and,  seventh,  the  power  consumption 
should  not  exceed  3.7  kilowatt-hours  per  pound  of  ferrochrome  tapped 
or  0.85  kilowatt-year  per  ton. 

THBOBY  OF  OHBOHITE  SMELTINa. 
BEDUCnON    WITH   CABBON. 

In  the  reduction  of  chromiimi  from  chromite  to  form  ferrochrome 
with  the  iron  reduced,  reduction  of  chromic  acid  begins  at  1,185®  C.** 
Reduction  takes  place  according  to  the  reaction: 

FeO.Cr303+4C=Fe.2Cr-|-4CO 

a  Orae&wood,  H.  C,  Blade,  B.  E.,  and  Pring,  J.  N.,  Beduotiom  of  refraotory  oxides,  productiaii  of  ferro- 
alloys, and  fonnaiJoD  of  carbides:  Trans.  Chem.  Soe.  (England),  vol.  93, 1908,  p.  1484;  Eleotroohem.  and 
Met.  lod.,  vol.  7, 1909,  p.  119. 
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A  pure  chromite  ore  contains  68  per  cent  Cr,Oj  and  32  per  cent 
FeO.  For  reduction  of  pure  chromite  30  parts  of  carbon  are  theo- 
retically necessary  for  every  100  parts  of  iron  and  chromium  reduced. 
In  practice  this  amount  is  exceeded  considerably.  In  ferrochrome 
manufacture  practically  all  of  the  reduction  is  performed  by  the 
solid  carbon  and  not  by  carbon-monoxide  gas.  On  the  basis  that 
the  double  carbide  Fe3C.3Cr3C2  forms  in  reduction  with  carbon  as 
has  been  found  to  be  the  case,  the  reduction  reaction  is  as  follows: 

9FeO.9CraO3+50C=[2(Fe,C.3Cr3Ca)+3Fe]+36CO 

The  ferrochrome  resulting  would  contain  theoretically  10.4  per 
cent  carbon,  31.4  per  cent  iron,  and  58.2  per  cent  chromium.  For 
reduction  of  100  parts  of  this  alloy  37  parts  of  carbon  are  necessary, 
the  above  reaction  explaining  the  difference  between  the  theoretical 
and  the  practical  proportion  of  carbon  necessary,  if  calculation  is 
made  on  the  assumption  that  the  double  carbide  is  not  formed. 

Camot  and  Goutal  isolated  FejC.3Cr,C2  from  ferrochrome  contain- 
ing 59  per  cent  chromium  and  9  per  cent  carbon.®  They  foimd 
3Fe3C.Cr3C3  in  chrome  steel  containing  2  per  cent  chromium  and  2  to 
0.5  per  cent  carbon.  In  the  electric  furnace  Moissan  obtained  Cr3C3. 
By  treating  50  per  cent  ferrochrome  with  hydrochloric  acid  Behren  and 
Van  Linge  obtained  CrjFeC,  which  corresponds  closely  to  the  double 
carbide  isolated  by  Camot  and  Goutal.  Williams  ^,  using  the  electric 
furnace,  obtained  3FesC.2Cr3C3.  AH  of  these  researchers  show  the 
existence  of  double  carbides  of  varying  percentages  but  all  consisting 
of  Fe3C  and  0303. 

The  characteristics  of  ferrochrome  of  different  percentages  of  carbon 
are  widely  variable.  All  of  the  alloys  described  contain  60  per  cent 
or  more  of  chromium.  Ferrochrome  containing  0.5  per  cent  carbon 
is  bright  lead  gray  in  color,  with  the  structure  parallel  to  the  bed  of 
cooling.  It  breaks  with  difficulty,  has  a  high  compressive  strength, 
and  is  one  and  one-half  times  as  magnetic  as  soft  steel  of  about  0.2  per 
cent  carbon. 

Ferrochrome  containing  1.8  per  cent  carbon  is  gray  in  color,  and 
breaks  into  thin  plates  many  of  which  show  faces  of  one-third 
milluneter  perpendicular  to  the  bed  of  cooling.  Naturally,  it  is  a 
little  magnetic,  but  on  magnetizing  it  has  more  than  twice  the 
magnetism  of  soft  steel. 

The  2.5  per  cent  carbon  ferrochrome  has  the  gray  color  of  polished 
aluminum.  It  is  weak  and  is  about  as  magnetic  as  soft  steel.  With 
3.6  per  cent  carbon,  the  alloy  has  a  bright-gray  color.  It  has  little 
brittleness  and  has  magnetism  equal  to  ferrodux>me  containing  1.8 
per  cent  carbon.    Ferrochrome  containing  4.6  per  cent  carbon  is 

a  Quillet,  L.,  6tade  Industrie!  des  AlUages  H^tallique,  p.  419. 
b  Robin,  F.,  Tnite  des  H^taUographie,  1912,  p.  801. 
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dull  gray,  has  little  brittleness,  and  has  magnetism  equal  to  that  of 
soft  steel.  Ferrochrome  containing  5.5  per  cent  carbon  has  the  gray 
color  of  bright  iron.  It  breaks  up  a  Uttle,  has  a  lower  compressive 
strength;  and  a  magnetism  equal  to  that  of  5.5  per  cent  carbon. 
With  7.5  and  9  per  cent  carbon  the  ferrochrome  is  gray,  contains  tin- 
gray  oriented  needles,  breaks  up,  has  no  magnetism,  and  is  very 
porous. 

REDUCTION    WITH   SILICON   AND   OTHER   REDUCING   AGENTS. 

Several  United  States  patents  have  been  issued  for  the  reduction 
of  metallic  oxides  by  the  use  of  silicon  as  a  reducing  agent.  The 
reaction  is  as  follows : 

2Fe0.2Cra03+4Si=2Fe.4Cr-f4Si02 

Thus  for  the  reduction  of  100  parts  of  ferrochrome  containing  65  per 
cent  chromium,  35  parts  of  silicon  are  necessary.  In  United  States 
patents  granted  to  F.  M.  Becket  **  based  on  this  reaction  it  is  claimed 
that  a  ferrochrome  with  a  silicon  content  as  low  as  0.01  per  cent  or 
less  can  be  made  by  this  method,  although  this  possibility  is  not  shown 
in  the  researches  of  Neumann  with  the  silicon  percentage  of  the  alloy 
high.  Patents  based  on  about  the  same  reaction,  with  ferrosili- 
con  as  a  reducing  agent  have  been  granted  to  E.  F.  Price.'*  These 
processes  are  expensive,  the  silicon  content  in  the  alloy  tends  to  be 
high,  and  as  a  result  they  are  not.  widely  used  in  actual  manufacture. 
Kdgelgen  and  Seward*^  reduce  chromium  oxide  with  calcium 
phosphide  according  to  the  reaction 

8CraO,-h3PaCa,=3Pa05-|-9CaO+16Cr 

With  phosphide  of  iron  they  utilize  the  reaction 

The  method  is  not  commercially  applied. 

Becket  ^  proposes  the  use  of  calcium  carbide  as  a  reducing  agent. 

He  claims  that  the  calcium  reduces  the  metals  and  that  the  carbon 

is  oxidized  or  remains  with  the  resulting  alloy,  according  to  the 

reaction 

3Fe0.3CraOj+4CaCa=3Fe.6Cr-|-4CaO-|-8CO 

The  method  has  not  been  used  much  commercially  because  of  the 
expense.  For  the  reduction  of  100  parts  of  ferrochrome  containing 
65  per  cent  chromium,  53  parts  of  calcium  carbide  are  necessary. 

a  854018,  May  21, 1907;  866661,  Sept.  17, 1907;  891808,  June  30, 1908. 
»  866609,  Sept.  10, 1907;  852347,  Apr.  30, 1907;  862096,  Aug.  13, 1907. 
c  U.  S.  Patent  878966,  Feb.  11, 1908. 
d  U.  S.  Patent  808173,  Sept  8, 1908. 
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Rossi;^  using  alximinum  as  a  reducing  agent  in  the  electric  furnace, 
has  produced  ferrochrome  containing  68.24  per  cent  chromium,  1.85 
per  cent  silicon,  1  per  cent  carbon,  and  0.5  per  cent  aluminum  from 
chromite  containing  50.29  per  cent  Cr,Oj,  16.01  per  cent  FeO,  10.72 
per  cent  AljOj,  4.62  per  cent  SiO,,  16.61  per  cent  MgO,  0.01  per  cent 
sulphur,  and  1.15  per  cent  CaO. 

REFINING  OF  FERROCHROME. 

Decarburization  of  high-carbon  ferrochrome  is  accomplished  by 
melting  the  aUoy  with  a  slag  of  lime,  chromite  ore,  and  a  little  fluor- 
spar, according  to  the  following  reaction: 

2[2(Fe,0.3Crj0a)+3Fe]-h7FeO.7CraOs=25Fe.Cra+28CO 

For  each  100  parts  of  completely  decarburized  alloy  39  parts  of  pure 
chromite  ore  are  necessary,  or  for  each  100  parts  of  ferrochrome  con- 
taining 10.6  per  cent  carbon,  31.3  per  cent  iron,  and  58.1  per  cent 
chromium,  36  parts  of  pure  chromite  ore  are  necessary  for  complete 
decarburization.  The  resulting  aUoy  would  contain  66.6  per  cent 
chromium  and  33.4  per  cent  iron.  In  practice  the  lime  is  added 
simply  to  flux  any  siUca  in  the  ore,  to  assist  in  elimination  of  silicon 
in  the  ferrochrome,  and  to  cause  possible  removal  of  carbon  as  calcium 
carbide,  as  the  operation  is  performed  in  an  arc  furnace.  The  fluor- 
spar makes  the  slag  more  fluid.  Gin  ^  claims  that  high  temperature 
is  not  necessary  for  decarburizing,  but  his  contention  is  not  sustained 
in  practice. 

E.  F.  Price *^  proposes  to  decarburize  ferrochrome  by  passing  an 
oxidizing  gas  through  the  molten  metal,  but  the  process  is  not  used 
in  practice. 

F.  M.  Becket  ^  proposes  to  make  a  ferrochrome  high  in  silicon,  con- 
taining approximately  51.3  per  cent  chromium,  17.5  per  cent  iron, 
30  per  cent  silicon,  and  1.2  per  cent  carbon  in  a  first  stage.  Then  he 
proposes  to  remove  the  silicon  by  adding  chromite  in  the  proportion 
of  6  parts  of  chromite  to  1  part  of  silicon  in  the  alloy,  this  proportion 
of  chromite  being  slightly  in  excess  of  that  theoretically  necessary 
to  oxidize  all  the  silicon  to  silica.  He  gets  an  alloy  containing  70  per 
cent  chromium,  28.9  per  cent  iron,  1  per  cent  carbon,  and  0.10  per 
cent  silicon.  The  necessity  of  such  a  refining  process  shows  the  weak- 
ness of  methods  using  ferrosilicon  or  silicon  as  a  reducing  agent  in 
that  the  percentage  of  silicon  in  the  alloy  can  not  be  kept  low  in  one 
operation  without  high  losses  of  chromium  in  the  slag. 

a  Rossi,  A.  J.,  Ferro-alloys:  Mln.  lod.,  vol.  12, 1903,  p.  093. 

b  Qfai,  0.,  DeoarburisatioQ  of  (erro-AUoyi:  Tiiuis.  Electroohem.  Soc.,  vol.  15, 1909,  p.  235. 

e  U.  8.  patent  886858,  May  5, 1908. 

tf  U.  B.  patent  801898,  June  30, 1908. 
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MANXJFACTXJBE  OF  FEBBOOHBOMB. 

Until  the  introduction  of  the  electric  furnace  in  1899  ferrochrome 
was  manufactured  entirely  in  either  the  crucible  or  the  blast  fimiace. 
The  crucible  was  used  only  for  the  production  of  the  higher  grades, 
chromite  being  reduced  with  charcoal,  and  a  flux  of  lime,  borax, 
fluorspar,  or  water  glass  being  used.  In  the  blast  furnace  chromite 
is  reduced  with  some  difficulty,  with  the  high  fuel  consumption  of 
about  3  tons  of  coal  or  coke  to  1  ton  of  ferrochrome  produced.  Theo- 
retically, it  should  be  possible  to  get  a  ferrochrome  containing  65 
per  cent  chromium  from  ore  containing  60  per  cent  02^3  ^^^  20 
per  cent  FeO,  but  generally  a  ferrochrome  containing  30  to  40  per 
cent  chromium  and  6  to  12  per  cent  carbon  is  the  product  in  the 
blast  furnace;  Little  ferrochrome  is  now  made  by  either  the  crucible 
or  the  blast  furnace,  because  it  can  be  made  cheaper  in  the  electric 
furnace  in  locaUties  where  electric  pow:er  is  cheap.  A  small  amount 
of  carbon-free  ferrochrome  is  now  made  by  the  thermit  process. 


ORES   AND   RAW   MATERIALS   USED. 

The  greater  part  of  the  ores  now  used  in  the  electric  furnace  manu- 
facture of  ferrochrome  come  from  Turkey,  New  Caledonia,  Cuba,  and 
New  South  Wales.  There  are  considerable  deposits  of  chromite  ore 
in  Canada  and  California,  but  they  are  so  far  from  the  market  that  the 
production  does  not  amoimt  to  much.  The  analyses  of  some  of  the 
ores  are  given  below: 

Analyses  of  chromite  ores. 


Source  of  ore. 

Component. 

Turkey. 

New  Cale- 
donia. 

Califor- 
nia. 

Cuba. 

CtiOs 

Percent. 

51.7 

14.2 

Rl 

14.3 

3.5 

1.7 

.3 

Percent. 
55.7 
13.2 
16.2 
9.8 
.2 
.25 
1.05 
.2 
.05 

Per  cent. 
52.68 
15.30 
11.40 
16.23 
3.40 

Per  cent. 
50.0 

FeO 

18.57 

AlfOi 

12.44 

MgO 

13.38 

M)t 

3.82 

CaO 

2.16 

HiO 

.94 
.15 

MnO 

PK)»  

.45 

S 

.69 

The  foreign  manufacturers  use  only  chromite  containing  less  than 
0.1  per  cent  phosphorus  and  sulphur  and  about  50  per  cent  CrjOg. 
They  use  no  Ume  in  the  chaise,  as  it  has  been  foimd  preferable  by 
them  to  use  pure  materials  and  keep  the  amount  of  slag  as  low  as 
possible.  In  most  plants  high-grade  anthracite  coal  is  used  as  the 
reducing  agent.     The  only  American  manufacturers  of  ferrochrome, 
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according  to  their  patent  specifications,  use  a  lime  slag.  They  some- 
times use  Cuban  ore,  which  contains  considerable  phosphorus  and 
sulphiu*.  Coke  or  charcoal  may  be  used  instead  of  anthracite  coal, 
but  the  latter  is  better,  as  it  may  be  obtained  in  a  more  finely  pulver- 
ized state,  a  form  in  which  it  makes  a  more  intimate  contact  with 
the  chromite,  and  consequently  produces  a  better  reduction.  As 
the  electric  furnaces  have  not  a  high  shaft  it  is  not  necessary  to  use  a 
reducing  material  of  high  compressive  strength. 

TYPES   OF   FURNACES   USED. 

There  are  several  types  of  electric  furnace  used  in  the  manufacture 
of  ferrochrome.  All  are  constructed  on  the  principle  of  the  Sieman's 
crucible  with  a  conducting  hearth,  or  are  similar  to  the  H^roult  steel 
furnace  with  vertical  electrodes  in  series.  In  a  conducting-hearth 
furnace  the  lining  of  the  walls  may  be  of  chromite  or,  more  commonly, 
magnesite  or  dolomite  tar  mixture,  with  a  carbon  block  in  the  bottom; 
or,  as  in  the  Girod  furnace,  it  may  have  a  conducting  hearth  of  iron 
rods  buried  in  the  refractory  bottom;  or,  as  in  the  Sieman's  furnace, 
it  may  have  a  nonconducting  hearth  in  which  the  lining  of  the  hearth 
and  walls  is  entirely  of  a  noncarbon  refractory,  such  as  dolomite, 
magnesite,  or  chromite.  The  walls  are  thin,  not  over  9  inches  thick, 
but  the  electrodes  are  far  enough  from  them  to  aUow  the  molten  charge 
to  freeze  on  the  walls  and  thus  form  a  highly  refractory  lining.  Some 
furnaces  were  water  cooled  at  first  to  assist  this  result,  but  few  are 
now  so  constructed.  Ferrochrome  freezes  to  a  certain  extent  on  the 
bottom,  so  that  molten  metal  does  not  have  so  much  chance  to  come 
in  contact  with  the  carbon  bottom. 

PROCESS   OF   MANUFACTURE. 

The  process  of  manufacturing  ferrochrome  consists  of  mixing  a 
charge  of  chromite  and  anthracite  coal  in  proportions  based  upon  the 
theoretical  calculations  given.  The  charge  is  shoveled  into  the  open 
top  of  the  furnace  and  around  the  electrodes.  The  furnace  is  charged 
at  regular  intervals  so  as  to  keep  the  top  in  an  unfused  condition.  The 
ore  is  finely  powdered,  but  the  coal  is  about  as  it  comes  from  the  mine. 
There  is  some  loss  of  ore  that  is  carried  off  with  the  gases  that  escape 
at  the  top  of  the  furnace.  At  intervals  of  two  to  four  hours  the 
ferrochrome  is  tapped  off  from  the  bottom  into  iron  pots  set  on  cars, 
from  which  it  and  any  slag  are  dumped  when  sohd.  The  slag  and 
metal  come  out  of  the  same  tap  hole.  When  cool  the  metal  is  broken 
with  hammers  to  separate  it  from  the  slag,  and  is  packed  into  k^;s 
or  boxes.  In  tapping  an  iron  rod  is  used  to  open  up  the  tap  hole, 
which  is  plugged  with  fire  clay. 
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Ferrochrome  manufacture  is  carried  on  continuously,  in  some  cases 
for  two  years,  before  the  furnace  is  shut  down  for  repairs.  Ferro- 
chrome containing  as  low  as  5  per  cent  carbon  can  be  made  economi- 
cally when  produced  directly  from  ore  in  one  operation.  It  has  been 
possible  to  produce  an  alloy  containing  as  low  as  2  per  cent  carbon  in 
one  operation,  but  great  care  in  regulation  of  the  charge  and  operation 
of  the  furnace  is  necessary.  The  slags  from  the  average  ferrochrome 
furnace  making  a  5  per  cent  carbon  alloy  run  from  0.5  to  1  per  cent 
Cr,03. 

The  refining  of  the  high-carbon  grades  of  ferrochrome  is  done  in 
an  arc  furnace  where  the  alloy  is  subjected  to  a  prolonged  heating 
with  a  slag  of  chromite,  lime,  and  fluorspar,  proportioned  to  the 
amoimt  of  carbon  and  silicon  to  be  removed  and  the  siUca  that  must 
be  fluxed  in  the  chromite  used.  The  ferrochrome  covered  by  this 
slag  is  heated  at  a  high  temperature  for  a  length  of  time  dependent 
on  the  carbon  in  the  alloy.  The  resulting  slag  contains  about  25 
per  cent  CrjOj  and  is  groimd  up  and  sent  through  the  smelting 
furnace  again,  so  that  there  is  not  much  loss  of  chromimn.  By  this 
method  it  is  possible  to  reduce  the  carbon  from  10  to  0.25  per  cent, 
but  the  more  usual  low-carbon  grade  contains  0.5  per  cent  carbon. 
The  percentage  of  carbon  in  the  ferrochrome  varies  from  9.5  to  0.6 
per  cent  carbon,  but  the  iron  increases  with  the  decrease  of  carbon. 
This  would  seom  to  show  that  in  refining,  the  iron  oxide  of  the  chro- 
mite is  first  reduced,  the  chromic  oxide  merely  serving  to  keep  a  slag 
with  excess  chromium,  thus  preventing  any  final  lowering  of  the 
percentage  of  chromium  in  the  alloy.  As  the  carbon  is  oxidized  so 
is  the  silicon  imtil  the  content  is  as  low  as  0.2  per  cent,  as  compared 
with  2  to  5  per  cent  in  the  crude  alloy.  Aluminimi  is  also  consider- 
ably eliminated,  and  phosphorus  and  sulphur  are  reduced  to  a  slight 
degree.  Although  the  market  is  smaU  for  ferrochrome  very  low  in 
carbon,  the  difference  in  price  between  the  9  per  cent  alloy  and  the 
0.5  per  cent  product  does  not  seem  warranted.  The  refining  expense 
is  almost  entirely  the  cost  of  power,  and  with  the  cheap  power  gener- 
ally available  at  a  ferro-alloy  plant  the  expense  is  not  as  high  as 
$300  per  ton,  the  difference  in  price  of  the  products  mentioned. 

Processes  based  on  the  use  of  silicon  or  some  reducing  agent  other 
than  carbon  have  not  been  commercially  successful  because  the  cost 
of  such  reducing  materials  as  silicon,  ferrosilicon,  and  aluminum  is 
much  higher  than  that  of  carbon.  Also  the  products  may  be  con- 
taminated with  the  reducing  material  just  as  when  carbon  is  used, 
so  that  a  subsequent  refining  is  necessary.  Carbon-free  ferrochrome 
for  high-grade  steels  has,  however,  been  successfully  made  by  the 
thermit  process,  but  the  amount  made  in  this  way  is  comparatively 
small.    Analyses  of  various  grades  of  ferrochrome  follow. 
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Analyses  of  typical  ferrochromes. 


Component. 


Crucible.o 


Chromium.. 
Iron 


Percent. 
19.8 


Carbon 

Silicon 

Aluminum. 
Manganese.. 

Calcium 

Sulphur 

Phosphorus, 


3.8 


.33 


Blast 
fumace.o 


Percent. 
41.39 


7.12 
.21 


1.84 


.052 


Electric  furnace.^ 


With8 
to  10  per 

cent 
carlxm. 


With? 
to8per 

cent 
carbon. 


With  5 
to6per 

cent 
carbon. 


With  3 
to4  pa- 

cent 
carbon. 


Wlthl 
percent 
carbon. 


Percent. 

Percent. 

64.5 

63.5 

22.0 

21.5 

9.5 

7.5 

2.25 

5.8 

.80 

.8 

.15 

.15 

.25 

.25 

.04 

.04 

.03 

.03 

Per  cent.    Per  cent.    Per  cenL 


64.0 
28.5 
5.5 
.4 
.5 
.15 
.25 
.04 
.03 


64.0 
31.0 
3.5 
.3 
.4 
.15 
.30 
.04 
.02 


63.5 
35.0 
.6 
.2 
.10 
.10 
.35 
.03 
.08 


a  Venator,  W.,  ttber  Eisen  Liegiemngen  und  Metall  fOr  die  Stahl  Industrie:  Stahl  und  Eisen,  voL  28, 
1908  p.  41. 

b  6nt>d,  P.,  Studies  on  the  electrometallurgy  of  ferro^dloys  and  steel:  Trans.  Faraday  Soc.,  vol.  11, 1911, 
p.  172. 

POWER    AND   ELECTRODE    CONSUMPTION. 

The  power  consumption  in  a  ferrochrome  furnace  of  the  Meraker 
Electric  Smelting  Co.,  at  Kopperaaen,  Norway,  was  recently  given  as 
3  kilowatt-hours  per  poimd,  or  0.68  kilowatt-year  per  short  ton  in 
making  a  ferrochrome  containing  5  per  cent  carbon.  At  Kanawha 
Falls,  W.  Va.,  ferrochrome  was  made  in  a  crucible  electric-arc  furnace 
with  a  power  expenditure  of  3.6  kilowatt-hours  per  poimd,  or  0.72 
kilowatt-year  per  ton.**  This  product  contained  70.96  per  cent 
chromium,  23.23  per  cent  iron,  5.21  per  cent  carbon,  0.5  per  cent 
silicon,  0.008  per  cent  phosphorus,  and  0.078  per  cent  sulphur. 
At  both  Kopperaaen  and  Kanawha  Falls  an  ore  containing  about  50 
per  cent  CrjOs  was  used.  The  Kopperaaen  ferrochrome  contains  65 
to  70  per  cent  chromium.  In  the  experiments  of  the  writer,  which 
have  been  described,  a  product  containing  50  to  68  per  cent  chro- 
mium and  4.32  to  9.31  per  cent  carbon  was  obtained  with  an  ore 
containing  46.35  i)er  cent  CrjO,,  3.02  kilowatt-hours  per  pound  or 
0.69  kilowatt-years  per  ton.  A  750-kilowatt  furnace  of  the  Alby- 
carbide  type  at  Kopperaaen,  operating  continuously,  uses  on  the 
average  about  3  kilowatt-hours  per  pound  of  ferrochrome  produced, 
or  0.68  kilowatt-year  per  short  ton,  when  chromite  ore  containing 
50  per  cent  CrjOg  is  charged ;  and  the  product  contains  5  per  cent  or 
more  of  carbon  and  65  per  cent  of  chromium. 

The  electrode  consumption  in  ferrochrome  manufacture  depends 
somewhat  on  the  proportion  of  carbon  in  the  ferro-aUoy  being  pro- 
duced, as,  if  the  carbon  of  the  charge  be  materially  reduced,  the 
electrode  will  be  oxidized  by  the  charge.  With  an  open-top  furnace 
the  consumption  varies  from  50  to  1 00  pounds  per  short  ton  of  f erro- 

,  -  _  I    ^  -       I        I  ■■       I ^1^—^^—^^^  '  ^  ■■MUM.  —  —I-  ^^m-^i^m^-^^^^^^^^^^^m^m^ 

o  S<;boel,  O.  P.,  Manuflujture  of  ferro-alloys  in  the  electric  furnace:  Electrochem.  Ind.,  vol.  2, 1904,  p.  tfO. 
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chrome  produced.  As  most  of  the  ferrochrome  furnaces  do  not  use 
continuously  feeding  electrodes  this  item  will  probably  be  kept  at  a 
much  lower  figure  in  the  future.  At  present  in  many  plants  one-half  to 
one-third  of  the  electrode  is  not  used,  and,  unless  the  works  has  its 
own  electrode  plant  in  which  stumps  can  be  made  into  new  electrodes, 
this  is  lost  so  far  as  its  electrode  value  is  concerned.  Aside  from  the 
electrode  item,  the  repair  and  up-keep  cost  on  a  ferrochrome  furnace 
is  not  high.     The  linings  last  one  to  three  years  without  repair. 

COST  OF  MANUFACTURE  OF  FERROCHROME. 

In  the  table  following,  estimates  are  made  of  the  cost  of  manufac- 
ture of  a  ferrochrome  containing  60  per  cent  chromium  and  8  to  10 
per  cent  carbon  from  chromite  ore  containing  50  per  cent  CrjOj.  The 
power  figures  and  other  data  were  gathered  by  the  writer  in  Europe 
and  the  United  States  during  the  past  year.  The  calculations  are 
on  the  basis  of  two  760-kilowatt  furnaces  turning  out  a  total  of  6 
tons  of  ferrochrome  per  24  hours.  The  Norwegian  plant  is  within 
60  miles,  the  French  plant  within  200  miles,  and  the  American  plant 
assumed  to  be  within  100  miles  of  seaboard.  Labor  conditions  are 
considered  to  be  as  foimd  in  the  various  coimtries. 

Cost  of  production  of  ferrochrome  per  ton  (2^000  pounds). 


Norway. 

France. 

United  States. 

Item. 

Cost 
of  unit. 

Total 
cost. 

Cost 
of  unit. 

Total 
cost. 

Cost 
of  unit. 

Total 
cost. 

SiXX)  pounds  of  chn>Diit6. -,  ,^^,  ^ . , 

115.00 

5.00 

.04 

8.30 

a  1.00 

t20.50 
1.25 
2.00 
5.65 
8.33 
4.00 

2.50 
1.50 
4.00 

115.00 

6.00 

.03 

18.66 

d.dO 

122.50 
1.50 
1.50 
12.70 
6.66 
4.00 

2.50 
1.50 
4.00 

115.00 

5.00 

.04 

26.66 

a  1.50 

K12  50 

600  pwind*  of  ooftl ,..,....,  r  r           

1  25 

CO  potmds  of  carbon  eleotrodas 

2  00 

0  6§lflk>Wtt-yf»r.  . ,  

17  66 

Labor 

16.60 

Repairs 

4.00 

Amortization  and  depreciation  at  5  per 
cflnteach»xi 

2.50 

Interest  on  $50,000  at  6  per  cent 

1.50 

General  and  paokine 

4.00 

Total 

51.73 

56.86 

72.00 

a  Minimum  for  eight  hours. 

The  figures  indicate  that  it  costs  $20.27,  or  39.2  per  cent,  more  to 
manufacture  ferrochrome  in  the  United  States  than  in  Norway. 
This  increase  is  due  to  the  higher  price  of  power  and  increased  labor 
cost  here.  The  cheapest  figure  at  which  power  can  be  obtained  now 
in  the  eastern  United  States  is  $26.66  per  kilowatt-year  for  electro- 
metallurgical  purposes.  The  duty  on  ferrochrome  is  to  be  15  per  cent 
ad  valorem.  The  8  to  10  per  cent  grade  sells  for  $110  to  $130  per 
short  ton  (see  table  following). 
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SELLING   PRICES   OF  FERROCHROME. 

•  Ferrochrome  is  sold  on  the  basis  of  a  chromiiuu  content  of  60  per 
cent,  the  price  varying  with  the  percentage  of  carbon.  As  the  per- 
centage of  chromium  varies  from  a  given  grade  of  alloy,  the  price, 
based  on  the  carbon  percentage,  is  decreased  or  increased  a  certain 
amoimt  for  each  per  cent  variation  from  60  per  cent  chromium. 
This  feature  is  shown  in  the  following  tabulation  of  prices  current  in 
Germany  and  the  United  States  on  January  1,  1913: 

Prices  of  ferro-alloys  and  metals,^ 

GERMANY,  F.  O.  B.  DUI8BURO. 


AUoy. 


FenoslUoan: 

Made  in  the  blast  funiaoe,  basis  10  per  cent  silicon,  2,240 

pounds,  scale  ±10.96 

Made  in  the  electric  fomace,  basis  45  per  cent  silicon,  2,240 

pounds,  scale  ^1.51 

Made  in  the  electric  furnace,  basis  75  per  cent  silicon,  2,240 

pounds,scale^$1.65 

Ferromanganese  silicon,  electric  furnace,  2,240  pounds: 

50  to  55  per  cent  manganese,  23  to  28  per  cent  silicon 

68  to  75  per  cent  manganese,  20  to  25  per  cent  silicon 

50  to  55  pM"  cent  manganese,  30  to  35  per  cent  silicon 

Ferromanganese,  basis  80  per  cent  manganese,  2,240  pounds, 

scale  :M0.55 

Ferrochrome: 

Carbon  free,  thermit  process,  basis  60  per  cent  chromium, 

2,000  pounds,  scale  18.05 

Electric  furnace- 
Refined  No.  1, 0.3  to  0.75  per  cent  carbon,  basis  60  per 

cent  chromium,  scale  $8.05, 2,000  pounds 

Refined  No.  II,  1  to  2  per  cent  carbon,  basis  60  per  cent 

chromium,  scale  17, 2,000  pounds 

4  to  6  per  cent  carbon,  basis  60  percent  chromium,  scale 

$4.20, 2,000  pounds 

Ferrotitanium  (10  to  15  per  cent  titanium),  per  pound 

Ferrotungsten.  85  per  cent  tungsten,  0.5  to  1  per  cent  carbon, 

I>er  pound  of  tungsten  contained 

Ferromolybdenum,  70  to  80  per  cent  molybdenum,  per  pound 

of  molybdenum  contained 

Nickel,  08  to  00  per  cent  nickel,  per  pound 

Alumtaium ,  08  to  90  per  cent  aluminum,  p^"  pound 

Tungsten  metal ,  96  to  98  per  cent  tungsten,  per  pound 


1912 


Oct.  1. 


$32.90 

73.00 

129.00 

112.00 
112.00 
117.50 

61.00 

600.00 

436.00 

262.00 

105.00 
.188 

.75 

2.06 
.43 
.20 
.70 


Nov.  1. 


$34.00 

70.00 

126.00 

112.00 
106.50 
117.50 

61.00 

500.00 

436.00 

262.00 

112.25 
.188 

.n 

2.06 
.43 
.206 
.72 


Dec.  1. 


$35.40 

68.00 

126.00 

112.00 
106.50 
117.50 

64.25 

550.00 

436.00 

262.00 

118.60 
.188 

.76 

2.06 
.43 
.213 
.735 


1013 


Jan.  1. 


$36.80 

70.00 

126.00 

112.00 
106.50 
117.50 

68.00 

550.00 

436.00 

263.00 

133.00 
.188 

.766 

2.06 
.43 
.218 
.73 


UNITED  STATES,  F.  O.  B.  PITTSBURGH,  PA. 


Ferromanganese,  basis  80  per  cent  manganese,  2,340  pomids 

Ferrosilicon,  blast  furnace,  f.  o.  b.  Ashland,  Ky.: 

10  per  cent  silicon , 

11  per  cent  sUicon , 

12  per  cent  silicon 

Ferrosflioon ,  electric  furnace,  50  per  cent  silicon,  2,240  pounds. . 
Ferrotitanium,  10  to  15 per  cent  titanium,  f.  o.  b.  Niagara  Falls, 

N.  Y.,  per  pound  in  cark)ads 

Ferrovanadium,perpound  of  vanadium  content 


$03.30 

34.00 
25.00 
36.00 
75.00 

.08 
3.50 


a  Stahl  und  Eisen,  vol.  33, 1013,  p.  85  (revised). 
USBS  OF  FBBBOGHBrOKB. 

Ferrochrome  is  used  extensively  in  the  manufacture  of  steel  for 
armor  plates,  armor-piercing  projectiles,  wire,  bullet-proof  steel,  tool 
steel,  high-speed  steel,  high-grade  castings,  stamp-mill  shoes  and 
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dies,  safe  steel,  tires,  axles,  springs,  razors,  file  and  cutlery  steel,  and 
for  many  other  purposes.  As  shown  int  he  table  on  page  138,  electric 
furnace  ferrochrome  is  made  in  five  grades,  of  which  those  contain- 
ing 4  per  cent  carbon  are  classed  as  refined,  the  carbon  in  the  others 
being  regulated  in  the  chaise  to  a  certain  extent. 

Ferrochromes  containing  less  than  2  per  cent  carbon  are  used  in  the 
manufactures  of  tool  steels  and  high-speed  steels.  The  alloy  contain- 
ing 3  to  4  per  cent  chromiimi  is  used  principally  in  the  manufacture 
of  steel  castings.  For  general  open-hearth  casting  ferrochrome  con- 
taining 4  to  6  per  cent  of  carbon  is  used. 

For  the  manufacture  of  armor  plate  and  projectiles,  the  high-car- 
bon ferrochromes  containing  8  to  9  per  cent  carbon  are  generally 
used.  This  alloy  is  much  cheaper  and  also  its  use  is  advisable  for 
armor  plate,  because  the  carbon  must  be  added  at  some  time  to 
harden  the  steel.  .  A  ferrochrome  containing  a  high  proportion  of 
carbon  used  in  the  open-hearth  furnace  will  give  a  yield  much  supe- 
rior to  that  containing  a  low  proportion  of  carbon,  because  if  the  metal 
is  still  slightly  oxidized,  the  oxide  will  act  on  the  carbon  rather  than 
on  the  chromiimi.  For  the  purpose  of  protecting  the  chromiimi  from 
oxidation,  armor-plate  manufacturers  use  a  ferrochrome  that  con- 
tains a  high  percentage  (4  to  5  per  cent)  of  silicon.  In  this  way  the 
oxides  act  on  the  silicon  before  they  act  on  the  chromium. 

The  distinguishing  feature  of  chrome  steels  is  their  great  hardness.® 
Chrome  steels  usually  contain  1  to  2  per  cent  chromium  and  0.8  to  2 
per  cent  carbon.  Armor  plate  contains  about  3.25  per  cent  nickel, 
1.5  per  cent  chromium,  and  0.25  per  cent  carbon.  In  armor  plates 
the  nickel  and  chromium  are  sometimes  added  in  the  form  of  a  ferro- 
chrome-nickel  containing  52  per  cent  chromium,  18  per  cent  nickel, 
28.96  per  cent  iron,  0.5  per  cent  carbon,  0.5  per  cent  silicon,  0.03  per 
cent  sulphur,  and  0.01  per  cent  phosphorus. 

FERROMANGANESE. 

HISTOBY. 

In  steel  manufacture  more  ferromanganese  than  any  other  ferro- 
alloy is  used.  The  industrial  importance  of  ferromanganese  b^an 
in  1866  with  the  introduction  of  the  Bessemer  process,  which  required 
a  strong  deoxidizing  agent  to  produce  a  sound  steel.  In  1866,  Prieger 
of  Bonn,  Germany,  made  in  the  crucible  some  ferromanganese  con- 
taining 70  to  80  per  cent  manganese.  At  Terre-Noire,  France,  a 
little  later  it  was  made  in  the  open-hearth  furnace  and  crucible  in  a 
combination  process.  The  first  ferromanganese  to  be  made  in  the 
blast  furnace  was  produced  in  Sweden  in  1873,  and  contained  33 
per  cent  manganese.  In  1875,  at  Terre-Noire,  Poured  made  in  the 
blast  fmnace  some  ferromanganese  that  contained  75  to  80  per  cent 

a  Stotighton,  Bradley,  The  metalliirgy  of  Iron  and  steel,  1908,  p.  399. 
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manganese.  Since  that  time  up  to  a  few  years  ago  all  ferromangan- 
ese  was  made  in  the  blast  furnace.  At  present  a  comparatively 
small  quantity  is  made  in  the  electric  furnace,  the  greater  part  of 
that  so  made  being  usedfor  the  production  of  ferromanganese-silicon  or 
silicomanganese.  When  the  iron-manganese  aUoy  contains  less  than 
25  per  cent  manganese  it  is  called  spiegeleisen;  when  it  contains 
more  than  25  per  cent  it  is  called  ferromanganese. 

EXPERIMENTS  IN  THE  PBODITCTION  OF  FEKBOMANGANESE. 

Stassano  **  in  1908  made  some  experiments  in  the  production  of 
ferromanganese  in  a  75-kilowatt  electric  furnace  of  the  type  of  the 
Stassano  steel  furnace.  The  charge  consisted  of  1,000  parts  of  man- 
ganese ore,  300  parts  of  charcoal,  60  parts  of  lime,  and  80  parts  of 
25  per  cent  sodixmi  silicate  used  as  a  binder  for  briquets  of  the  above 
composition,  the  form  in  which  the  charge  was  smelted.  The  ore 
used  contained  45.65  per  cent  Mng04,  16.1  per  cent  FcjOj,  3.05  per 
cent  AljOa,  30.16  per  cent  SiOj,  0.15  per  cent  BaO,  1.2  per  cent  CaO, 
0.43  per  cent  MgO,  0.817  per  cent  S,  and  0.34  per  cent  P.  The 
desired  product  was  to  be  silicomanganese  containing  about  60  per 
cent  manganese  and  20  per  cent  silicon.  The  charge  was  submitted 
to  the  heat  radiated  from  the  arc  as  in  all  Stassano  furnaces. 

The  product  contained  17.76  per  cent  iron,  17.6  per  cent  silicon, 
62  per  cent  manganese,  1 .8  per  cent  carbon,  0.028  per  cent  phosphorus, 
and  a  trace  of  sulphur.  No  data  showing  the  losses  of  manganese 
were  given.  The  energy  consumption  was  3.86  kilowatt-hours  per 
pound,  or  7,560  kilowatt-hours,  0.86  kilowatt-year,  per  long  ton. 

THEORY  OP  PRODUCTION. 

Ferromanganese  is  manufactured  from  manganese  oxide  ore  with 
carbon  as  a  reducing  agent.  Because  of  the  high  reduction  point  of 
manganese  dioxide,  1,105°  C,  considerably  more  coke  is  necessary 
in  the  blast-furnace  chaise  than  in  the  iron  blast  furnace.  Reduc- 
tion takes  place  in  the  electric  furnace  according  to  the  reaction — 

MnOa+2C=Mn-f2CO. 

For  the  reduction  of  100  parts  of  manganese,  43.5  parts  of  carbon 
are  necessary. 

Camot^  and  Groutal  have  shown  the  existence  of  the  foUowing 
double  carbides  of  iron  and  manganese  in  ferromanganese  of  different 
percentages  of  carbon : 

Percentage  of 
Double  oarblde.  manganese. 

FejC.  4Mn,C 74  to  86 

Fe,C.  2Mn,C 00  to  74 

2Fe,C.  MnjC 30  to  60 

4Fe,C.  Mn,C below  18 

a  Stassano,  E.,  Treatment  of  iron  and  8t«cl  In  the  eleotrlo  furnace:  Eiectroohem.  and  Met.  Ind.,  voL  6, 
008,  p.  315. 
'  OuiUet,  L.,  JStude  industriel  des  alUages  nu^talliques,  p.  405. 
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The  single  carbide  of  manganese  is  MnjCy  similar  to  FeJCy  the 
carbide  of  iron. 

Ferromanganese  usually  contains  about  6  per  cent  carbon,  when  it 
is  silvery  white.  When  the  silicon  content  in  the  alloy  is  low,  the 
carbon  is  all  in  the  combined  state.  With  more  than  5  per  cent  silicon 
the  carbon  falls  to  about  2  per  cent,  and  as  the  silicon  increases  the 
carbon  in  the  alloy  decreases. 

PROCESS  OF  MANUFACTXJBE. 

Ferromanganese  is  still  manufactured  almost  entirely  in  the  blast 
furnace.  When  the  manufacture  of  ferro-alloys  in  the  electric  furnace 
began,  attempts  were  made  to  make  ferromanganese.  These  failed, 
chiefly  because  of  operation  of  the  electric  furnace  at  so  high  a  tem- 
perature as  to  produce  great  volatilization  of  the  manganese.  As  the 
electric  furnace  became  better  understood,  heating  by  resistance  only 
was  found  possible,  thus  insuring  a  low  enough  temperature. 

Most  of  the  blast-funiace  ferromanganese  used  in  this  coimtry, 
with  the  exception  of  that  made  by  one  large  corporation,  is  made  in 
England.  Recently  some  German  ferromanganese  has  been  put  on 
the  market.  Russian  or  Turkish  manganese  oxide  ore  is  used.  Ores 
high  in  silicon  can  not  be  used  because  of  the  high  loss  of  manganese 
as  silicate  in  the  slag.  The  results  of  a  typical  blast-furnace  run, 
including  figures  as  to  Jbhe  ore  used,  and  the  slag  and  the  alloy  pro- 
duced, are  given  in  the  table  below.  In  this  run  the  average  amoimt 
of  coke  consumed  was  2.37  long  tons  per  long  ton  of  ferromanganese 
produced.  Of  the  total  manganese  charged  76.9  per  cent  was  saved 
and  23.1  per  cent  lost.  Of  the  total  slag  lost  6.7  per  cent  was  in  the 
slag  and  18.4  per  cent  was  volatilized  or  lost  as  dust. 

Results  of  blaat-fumace  run  to  produce  ferromanganese. <^ 


Ore. 

Slag. 

Ferromanganese. 

Constituent. 

Percentage. 

Constituent. 

Percentage. 

Constituent. 

Percentage. 

Mp 

51.6 
1.45 
.173 
7.80 
1.12 
1.80 
2.18 
2.20 

SlOi. 

30.32 

1.41 

8.52 

10.88 

41.34 

2.06 

.01 

3.94 

.48 

Mn 

80.20 

Fe 

FeO 

Fe 

11.80 

P 

MnO 

Si 

1.16 

SiOt 

AljOa 

p 

.38 

AliOi 

CaO 

c 

6.46 

cffi?:::..: 

MgO 

UgQ 

PjOs 

BaO 

CaS 

BaO 

a  Jakoki,  J.,  Ferromangen  in  Hochofen;  Stahl  und  Eiaen,  voL  29, 1009,  p.  1191. 

The  loss  of  manganese  by  volatilization,  or  as  dust,  varies  between 
15  and  30  per  cent  of  the  total  quantity  of  manganese  charged.  The 
average  total  loss  is  about  30  per  cent,  of  which  10  per  cent  goes  to  the 
slag  and  20  per  cent  is  volatilized  or  lost  as  dust.     Any  phosphorus 
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in  the  ore  goes  to  the  metal,  but  there  is  no  difficulty  in  slagging  the 
sulphur.  No  more  than  0.02  per  cent  of  phosphorus  should  be  present 
for  each  10  per  cent  of  manganese  in  the  ore.  The  manganese  as  a 
rule  is  imevenly  distributed  through  the  alloy.  Usually  some  lime- 
stone is  necessary  in  the  charge.  The  alloy  produced  in  the  run  dis- 
cussed above  is  high  in  phosphorus.  An  average  English  ferroman- 
ganese  contains  83.4  per  cent  manganese,  9.04  per  cent  iron,  6.5  per 
cent  carbon,  0.8  per  cent  silicon,  0.25  per  cent  phosphorus,  and  0-01 
per  cent  sulphur. 

When  ferromanganese  is  being  "made  in  the  electric  furnace,  the 
electrodes  and  voltage  are  regulated  so  as  to  prevent  arcking.  With 
a  mixture  of  813  parts  of  ore  containing  30  per  cent  manganese,  178 
parts  of  anthracite  coal  (4  to  5  per  cent  ash),  and  90  parts  of  fluorspar, 
about  450  poimds  of  product  was  obtained  per  ton  of  mixture  treated. 
The  product  contained  85  per  cent  ferromanganese.**  Of  the  total 
manganese  charged  26.8  per  cent  was  lost  by  volatilization,  as  dust, 
and  in  the  slag.  Ferromanganese  made  in  the  electric  furnace  has 
considerably  lower  carbon  content  than  the  blast-furnace  ferroman- 
ganese, and  is  used  in  the  molten  state  by  the  ferro-alloy  manufac- 
turer for  making  silicomanganese. 

USES  OF  FEBROMANGANESE. 

The  greater  part  of  the  ferromanganese  manufactured  is  used  in 
the  deoxidation  and  recarburization  of  ordinary  Bessemer  and  open- 
hearth  steel.  It  is  a  strong  deoxidizing  agent  and  also  assists  in  the 
elimination  of  sulphur  from  steel.  In  foimdry  work  ferromanganese 
is  used  for  softening,  strengthening,  and  purifying  hard  or  chilling 
iron.    It  is  also  employed  for  strengthening  soft  iron. 

The  next  greatest  use  for  ferromanganese  is  as  a  fixed  addition  in 
the  production  of  manganese  steel.  When  the  manganese  content  of 
steel  is  more  than  1  per  cent,  the  metal  becomes  hard  and  somewhat 
brittle,  and  these  qualities  increase  in  intensity  with  every  increase 
of  manganese  up  to  4  to  5.5  per  cent  when  the  steel  can  be  powdered 
under  the  hammer.^  With  7  per  cent  manganese  new  properties 
appear,  which  are  well  marked  in  steel  having  a  manganese  content 
of  10  per  cent,  and  reach  a  maximum  with  a  manganese  content  of  12 
to  15  per  cent.  Manganese  steel  usually  contains  12  to  13  per  cent  of 
manganese  and  1.5  to  2  per  cent  of  carbon.  With  that  proportion  of 
manganese  the  strength  and  durability  of  the  metal  is  at  its  maxi- 
mum. When  cooled  slowly  after  casting  manganese  steel  is  almost 
as  brittle  as  glass.  It  must  be  reheated  and  quenched  at  a  high  tem- 
perature in  water.  After  such  treatment  it  is  as  ductile  as  soft  car- 
bon steel  or  wrought  iron,  and  its  tensile  strength  is  about  three  times 

o  Guillet,  L.,  6tude  industriel  des  alliages  m^talliques,  p.  405. 
fr  Htoughton,  B.,  The  metallurgy  of  Iron  and  steel,  1911,  p.  307. 
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as  great.  The  hardness  of  the  product  after  the  latter  treatment  is 
ahnost  the  same  as  before,  being  so  hard  that  machining  is  not  prac- 
tical. The  forging  and  working  of  manganese  steel  is  very  difficult 
and  is  imderstood  by  only  a  few. 

Manganese  steel  is  used  for  the  jaws  and  wearing  parts  of  rock- 
crushing  machinery,  for  railroad  frogs  and  crossings,  for  railroad  rails 
on  curves,  for  mine-car  wheels,  and  for  burglar-proof  safes.  Because 
of  its  great  hardness  without  brittleness  its  life  for  the  uses  mentioned 
is  many  times  that  of  all  other  steels. 

FERROMANGANE8E-8ILICON. 

Ferromanganese-silicon  or  sihcomanganese  is  an  alloy  developed 
since  use  has  been  made  of  the  electric  furnace  for  ferro-alloy  manu- 
facture. Ferromanganese  is  made  from  manganese  ore  in  an  electric 
furnace  operated  as  a  resistance  furnace,  and  ferrosilicon  is  made  in 
a  separate  arc  furnace.  The  two  products  are  mixed  while  hot  in  a 
Istdle,  to  form  the  alloy  of  the  desired  percentage  of  manganese  and 
silicon.  Ferromanganese  containing  about  85  per  cent  of  manganese 
is  made.  The  percentage  of  ferrosihcon  depends  on  the  amount  of 
iron  desu-ed  in  the  finished  silicomanganese.  The  other  method  of 
manufacture  is  to  mix  coal,  quartz,  manganese,  oxide  ore,  and  iron 
turnings  in  the  proper  proportion  to  form  the  desired  silicomanganese 
and  smelt  it  all  in  one  furnace  which  must  be  kept  at  a  high  tempera- 
ture because  of  the  high  reduction  point  of  silica.  The  great  disad- 
vantage of  this  method  is  the  high  loss  of  manganese  by  volatilization. 
This  method,  however,  seems  to  be  the  favorite  one,  as  it  is  quicker, 
only  one  furnace  is  involved  in  the  process,  and  less  labor  is  necessary. 
It  should  be  noted  from  the  table  on  page  140  that  the  price  of  silico- 
manganese does  not  increase  with  the  manganese  content  but  with  an 
increase  in  the  percentage  of  silicon.  This  is  because  much  more 
energy  is  necessary  for  reduction  of  silica  than  of  manganese  oxide. 
A  third  method  of  manufactiu*e  is  to  reduce  rhodonite  (MnSiOg)  with 
carbon  in  the  electric  fiu*nace.  In  this  method  coal  or  coke  is  mixed 
with  rhodonite  containing  38  per  cent  manganese,  in  the  proportion 
of  600  parts  of  ore  to  100  parts  of  coke.  The  electrode  consumption 
is  very  high,  being  about  200  pounds  per  ton  of  product,  and  the 
power  consumption  is  5,400  kilowatt-hoiirs  or  0.62  kilowatt-year  per 
ton.  KeUer  adds  ferrosilicon  to  a  fused  mixture  of  ferrosihcon,  quartz, 
carbon,  and  manganese  ore,  claiming  that  the  reduction  temperature 
remains  low  and  prevents  volatilization  of  manganese. 

Three  grades  of  ferromanganese-silicon  are  made  as  foUows:  50  to 
55  per  cent  manganese,  23  to  28  per  cent  sUicon;  68  to  75  per  cent 
manganese,  20  to  25  per  cent  sihcon;  50  to  55  per  cent  manganese, 
30  to  35  i>er  cent  silicon.     The  carbon  content  in  these  alloys  is  low, 
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owing  to  the  action  of  silicon  in  breaJdng  up  the  combined  carbon  in 
the  ferromanganese,  causing  the  carbon  to  separate  as  graphite, 
which  rises  to  the  surface  of  the  bath.  With  less  than  16  to  18  per 
cent  silicon  in  the  alloy,  carbon  remains  in  the  combined  state;  with 
more  than  that  percentage,  any  carbon  present  is  in  the  form  of 
graphite.    Analyses  of  typical  silicomanganese  are  given  below: 

Analyses  of  typical  ferramanganese'sUicon. 


CoiLStitiient. 

Analysis  1. 

Analysis  2. 

Analysis  3. 

Silicon 

Percenl. 
24.1 
74.2 
.77 

Percent, 
24.6 
70.3 
3.8 
.4 
.3 
.2 
.35 
.02 
.04 

Percent. 
24.1 

ManganBse 

65.0 

Ironr 

19.0 

Aluminum 

.4 

Calcium 

.3 

Mwrn«siuni .  . ,  - -  

.2 

Carbon 

.30 
.01 
.02 

.35 

Sulphur 

.02 

Phosohoms 

.04 

Alloys  similar  to  those  represented  in  analyses  1  and  2  are  used  for 
incorporating  manganese  and  silicon  in  steel.  The  alloy  is  also  used 
for  deoxidizing,  when  a  composition  similar  to  that  given  in  analysis 
3  is  generally  employed.  The  product  has  the  advantage  over  ferro- 
manganese of  being  low  in  carbon,  yet  possessing  as  strong  a  deoxi- 
dizing power.  Its  use  is  especially  advantageous  in  making  high- 
grade  manganesesilicon  sted.  Silicomanganese  is  usually  added  to 
the  furnace  just  before  the  furnace  is  tapped,  or  in  the  casting  ladle 
during  tapping. 

ELECTRIC     SMELTING     OF     MOLYBDENITE     AND     THE 
PRODUCTION  OF  FERRO MOLYBDENUM. 

HISTORY. 

Ferromolybdenum  is  generally  manufactured  in  the  electric  furnace 
from  the  raw  sulphide  ore  of  molybdenum,  molybdenite.  It  is  also 
made  by  the  reduction  of  the  roasted  sxdphide  with  carbon  in  a  crucible 
or  an  electric  furnace.  The  alloy  is  not  widely  used  because  of  its 
high  cost,  which  is  caused  by  the  irregularity  of  the  ore  supply.  With 
a  better  and  steadier  source  of  ore,  ferromolybdenum  would  probably 
be  used  in  place  of  f  errotung&^n.  Ferromolybdenum  was  made  from 
roasted  ore  in  the  crucible  before  the  introduction  of  the  electric  fur- 
nace, but  has  been  produced  commercially  directly  from  the  sxdphide 
only  since  1900,  following  the  use  of  the  electric  furnace. 

INVESTiaATOBS. 

Investigators  of  the  electric  smelting  of  molybdenite  or  of  the  pro- 
duction of  ferromolybdemmi  are  mentioned  beloW|  their  methods 
eing  briefly  outlined. 
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GUICHAKD. 

Guichaxd,**  working  with  Moissan  between  1890  and  1895,  obtained 
a  crude  molybdenum  from  natural  molybdenite  by  reduction  with 
carbon  in  the  electric  furnace.  This  product  was  really  a  carbide, 
as  it  contained  91.8  per  cent  molybdenum,  2.1  per  cent  iron,  and  6.64 
per  cent  carbon.  The  operation  was  performed  according  to  the  fol- 
lowing reaction: 

The  difficxdty  in  the  process  is  to  obtain  pure  metal  from  impure  ores, 
because  there  is  a  tendency  for  any  impurities  to  concentrate  in  the 
metal. 

LEHNEB. 

Lehner  *  conducted  a  series  of  experiments  on  the  production  of  a 
ferromolybdenum.  free  from  sidphur,  using  molybdenite  in  the  elec- 
tric furnace.  After  several  imsuccefeful  experiments,  in  which  the 
oxides  of  other  metals  were  used  to  decompose  molybdenite  or  in 
which  the  reducing  agent  was  alumintun,  he  tried  to  accomplish  the 
reduction  in  the  electric  furnace  with  a  very  basic  slag,  according  to 
the  following  reaction: 

MoSa+2CaO+2C=Mo+20aS+20O 

The  results  of  some  of  his  experiments  are  tabulated  below: 


Results  of  experiments  of  Lehner. 

Bxpfirim«nt  No 

1 

2 

3 

4 

5 

Charge: 

MoS, 

FeiOs 

pounds.. 

fT.do.... 

3.3 

3.3 

1.23 

2.11 

.86 

.79 

43.30 

49.8 

6.27 

.31 

.05 

5.5 
4.73 
0  9.16 
2.18 

50.33 

45.95 

1.70 

1.51 

.10 

5.5 
4.73 

CaO 

Coke 

Product: 

Molybdenum 

Iron 

Carbon 

Sflkxm 

do.... 

do.... 

percent.. 

.V..do.... 

do.... 

do. . . . 

2.31 
.55 

00.7 
2.0 
4.1 

3.08 
.85 

88.3 

2.89 

5.60 

2.95 

.04 

a  9. 16 
2.18 

48.72 

46.56 

1.06 

2.61 

Sulphur 

do 

.86 

.13 

a  CaCOi. 


These  results  show  the  possibilities  of  sulphur  elimination  by  means 
of  Kme  in  the  electric  furnace,  but  do  not  show  where  the  molyb- 
deniun  losses  occur — whether  in  the  slag  or  by  volatilization.  An 
extraction  of  85  per  cent  was  made  in  experiment  2. 

NEUMANN. 

Neumann  *  attempted  reduction  of  molybdenite  according  to  the 

reaction: 

MoSa-fSi=Mo-hSiS,. 

a  Ouichard,  M.,  Sur  la  molybdenite  et  la  pr6par4tion  au  molybdene:  Compt.  Rend.,  vol.  122, 1896,  p. 
1270. 

b  Lehner,  W..  Herstellung  voo  Molybdenum:  Metallurgie,  vol.  3, 1906,  p.  549. 

e  Neumann,  Q.,  Herstellung  von  Ferroliegierung  im  electrlschen  Ofen:  Stahl  und  Eisen,  vol.  28,  1908, 
p.  356. 
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He  obtained  unsatisfactory  results.  The  metal  produced  contained 
2.87  per  cent  iron,  2.06  per  cent  silicon,  and  13.89  per  cent  sulphur, 
the  remainder  being  molybdenum.  Upon  this  method,  several 
patents  issued  to  Becket  are  based. 

EXPBRIHBNT8  ON  REDTXOTION  OF  HOIiYBDENTTE. 

An  experiment -was  made  by  the  writer,  <■  who  used  the  electric 
furnace  described  in  the  discussion  of  the  f errochrome  experiments  to 
test  the  possibility  of  sulphur  elimination  with  a  charge  of  molyb- 
denum and  excess  lime,  carbon  being  used  as  a  reducing  agent.  The 
experiment  was  made  directly  after  some  experiments  on  the  produc- 
tion of  molybdenum  steel  directly  from  hematite  and  molybdenite, 
and  can  not  be  considered  as  quantitative,  as  the  furnace  lining  was 
in  poor  condition.  Some  iron  left  in  the  furnace  diluted  the  product. 
The  electric  furnace  was  regulated  so  that  all  heating  was  through 
resistance  only.  On  tapping,  1.5  poimds  of  ferromolybdenum  was 
obtained.  The  odor  of  sulphur  was  noticeable  during  the  experiment. 
The  product  was  brittle,  but  was  not  extremely  high  in  sulphur  in 
view  of  the  amount  of  sulphur  in  the  chaise.  There  was  30  per  cent 
sulphur  in  the  ore,  but  only  0.19  per  cent  sulphur  in  the  product. 
A  commercial  ferromolybdenum  having  50  per  cent  of  molybdenum 
contains  about  0.03  per  cent  sulphur  and  0.5  to  4  per  cent  carbon. 
The  results  of  the  experiment  are  shown  in  the  table  below.  The 
coke,  fluorspar,  and  lime  had  the  composition  given  in  the  table  on 
page  128. 

Production  of/erromolybdtnumfrom  molybdenite. 


Ore. 

Charge. 

1                                         1 
MetaL 

Slag. 

ComUtnent. 

PcrocnteKe. 

Constituent. 

Pounds. 

Constituent. 

Percentage. 

Constituent 

Peroentage. 

Mo 

47.5 
l.« 
13.90 
.(MW 
30.64 

Molybdenite 

Coke 

Lime 

Flnonpar... 

4.0 
1.04 
3.01 
.25 

Mo 

50.55 
.73 
.04 
.078 
.10 

MoC 

CaO 

3.18 

Fe 

C 

41.80 

SiO, 

P... 

Si 

MgO 

FeO 

12.75 

P 

7.56 

s 

8 

From  this  experiment  no  conclusion  can  be  drawn  as  to  the  loss  of 
molybdenum,  but  in  three  runs  made  on  the  production  of  molyb- 
denum steel  from  hematite  and  molybdenite  with  carbon  as  a  reduc- 
ing agent,  the  average  total  molybdenum  loss  was  46.1  per  cent,  of 
which  25.4  per  cent  was  in  volatilization  and  20.7  per  cent  by  slagging. 
Thus  56.2  per  cent  of  the  total  molybdenum  loss  was  by  volatilization. 

The  conclusions  made  from  the  ferromolybdenum  experiment  were: 
First,  that  ferromolybdenum  low  in  carbon  can  be  made  directly  from 
molybdenite  in  the  electric  furnace,  with  excess  lime  as  a  desulphur- 

•  Keeoey.  R.  M..  The  production  of  steel  and  bno^lloys  dirtctly  from  ore  in  the  elertric  fonuce:  Iron 
an<i  Sc««l  Inst.,  Carae^  Scholarship  Memoirs,  voL  4, 1912,  p.  108, 
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izlng  i^ent  and  carbon  as  a  reducing  agent;  second,  that  a  product 
with  a  low  percentage  of  carbon  can  be  made;  and,  third,  that 
sulphur  can  be  readily  slagged  as  calcium  sulphide  with  a  charge  of 
excess  lime.  

THEORY. 

A  ferromolybdenum  containing  80  per  cent  molybdenum  has  a  dull 
iron  gray  color,  coarse  structure,  a  high  density,  and  is  nonmagnetic. 
It  does  not  break  up  easily.  The  75  per  cent  alloy  is  about  the  same 
as  the  above,  but  has  a  needle  structure,  and  when  treated  with 
another  mf^net  is  so  magnetic  that  it  has  about  three  times  the 
mf^netism  of  soft  steel. 

A  commonly  used  basis  for  calcxdatii^  the  charge  for  the  reduction 
of  ferromolybdenimi  from  molybdenite  is  the  reaction  used  by 
Becket  in  his  patent.**  Carbon  is  the  reducing  agent  and  lime  is 
used  as  a  desxdphurizing  agent.     The  reaction  is  as  follows: 

2MoS2+2CaO-h3C=2Mo+2CaS+2CO-hCSa. 

Pure  molybdenite  contains  60  per  cent  molybdenum  and  40  per 
cent  sxdphur.  According  to  the  above  reaction,  100  parts  of  molyb- 
denum are  reduced  from  170  parts  of  molybdenite  by  18.8  parts  of 
carbon.  If  the  reaction  is  to  be  complete,  for  every  100  parts  of 
molybdenum  present  as  the  molybdenite,  58  parts  of  lime  are  neces- 
sary for  the  slagging  of  the  sxdphur.  If  calciiun  carbonate  instead  of 
lime  be  used,  the  reaction  is: 

2MoSa+20aCO8+5C=2Mo+2CaS+CS3+6CO. 

If  calciiun  carbide  be  used  as  a  reducing  agent,  the  following 
reaction  takes  place: 

6MoSa4-2CaC2=5Mo+2CaS4-4CSa. 

Becket,  in  his  patent,  states  that  an  alloy  containing  less  than  0.2 
per  cent  carbon  can  be  made  by  this  method.  Molybdenum  does  not 
combine  as  readily  with  carbon  to  form  carbides  as  do  some  of  the 
other  metals,  such  as  chromium  and  tungsten. 

Becket  was  granted  a  patent^  based  upon  the  desulphurizing  of 
molybdenite  with  silicon.    The  reaction  involved  is : 

MoSaH-Si=MoH-SiS, 

Neumann's  experiments  indicate  that  the  use  of  the  latter  reaction 
is  not  very  satisfactory.  By  this  method  the  production  of  100  parts 
of  molybdenum  requires  29  parts  of  silicon,  which  would  probably 
be  used  in  the  form  of  ferrosilicon,  the  iron  in  the  ferrosilicon  making 
the  desired  percentage  in  the  ferromolybdenum. 

a  U.  S.  Patent  835052,  Nov.  6, 190G.  b  U,  S,  Patent  855157,  May  28, 1907. 
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PBOCE8S  OF  MANUFACTT7BE. 


Ferromolybdenum  is  manufactured  commercially  in  an  electric 
furnace  of  the  electrode  type  operated  as  a  resistance  furnace,  or  in  a 
crucible  furnace  of  the  resistance  type.  Comparatively  little  ferro- 
molybdenum is  made  because  of  difliculty  in  getting  ores,  as  satisfac- 
tory methods  of  concentrating  molybdenite  ores  have  not  as  yet  been 
fully  developed.  There  are  deposits  of  molybdenite  in  the  United 
States  in  Maine,  Oregon,  Colorado,  Nevada,  and  Washington.  There 
are  also  deposits  in  Canada,  Germany,  Japan,  Mexico,  New  South 
Wales,  New  Zealand,  Norway,  Peru,  and  Queensland.  Queensland 
and  New  South  Wales  are  the  largest  producers.  Buyers  require  an 
ore  or  a  concentrate  containing  90  to  95  per  cent  molybdenite,  for 
which  the  price  ia  about  $450  per  short  ton.  In  commercial  manu- 
facture, raw  or  roasted  molybdenite,  iron  turnings,  lime,  and  coke 
or  coal  are  mixed  to  give  a  ferromolybdenum  of  the  desired  propor- 
tions, and  the  mixture  is  treated  in  the  electric  furnace.  The  furnaces 
are  operated  intermittently;  that  is,  one  charge  is  completely  dis- 
charged before  another  is  added.  Analyses  of  typical  electric-furnace 
ferromolybdenum  are  given  in  the  table  following.  Ferromolybdenum 
is  first  made  as  a  high-carbon  alloy  containing  3  to  4  per  cent  carbon. 
This  is  then  decarburized  with  a  lime  slag  or  a  slag  of  lime  and  iron 
oxide.  If  the  latter  is  used,  the  percentage  of  iron  in  the  alloy  is 
increased. 

Analyiea  of  typical  ferromolybdenum. 


Analysis  No 

1 

2 

3 

4 

If  olybdenuDi 

Percent. 
85.8 
10.983 
3.07 

.n 

Percent. 
75.0 
18.5 
4.0 
.2 
.1 
.15 
.15 
.03 
.03 

Percent. 
85.2 
14.047 
.45 
.252 

Percent. 

sasii 

Iron 

48.92 

Carbon.. 

.35 

Silicon 

.30 

Aluminum 

Calcium 

If  angaoAse 

Bulpliur 

.05 
.007 

.031 
.02 

.090 

Phosphorus 

.X 

USB  8. 

Ferromolybdenum  in  definite  proportions  is  added  to  steel  in  the 
open-hearth  crucible  or  in  the  electric  furnace.  It  gives  the  steel 
properties  similar  to  those  of  tungsten  steel,  but  only  one-third  to 
one-quarter  as  much  is  necessary.  Molybdenum  is  added  to  steel 
that  is  to  be  used  for  such  forgings  as  crank  and  propeller  shafts,  for 
gun  barrels,  wire,  boiler  plates,  armor-piercing  shells,  motor-car  steel, 
magnet  steel,  and  high-speed  steel. 

Molybdenum  considerably  increases  the  elongation  and  elastic 
limit  of  steel.    By  the  addition  of  0.25  per  cent  of  molybdenum  the 
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elongation  has  been  increased  from  4  per  cent  up  to  45  per  cent.  The 
addition  of  small  quantities  of  molybdenum  to  nickel  steels  increases 
their  resistance  to  blows  without  proportionally  diminishing  their 
elongation.  A  nickelchrome  molybdenum  steel  has  been  used  for 
armor  plate. 

Tempering  has  a  much  more  energetic  action  in  molybdenum  steel 
than  in  carbon  steels.  If  sufficient  chrome  is  added  to  steels  con- 
taining a  high  percentage  of  molybdenum,  they  lose  a  large  part  of 
their  electricity,  harden  in  the  air,  and  have  the  same  qualities  as 
tungsten  high-speed  steels.  The  advantage  in  using  molybdenum 
instead  of  tungsten  in  a  high-speed  steel  is  that  it  gives  all  the  desira- 
ble qualities  to  high-speed  steel,  with  the  advantage  that  the  carbon 
content  is  kept  below  1  per  cent,  the  hardness  and  brittleness  of  tung- 
sten high-speed  steels  being  thus  avoided.  Also,  if  ferromolybdenum 
could  be  produced  as  cheaply  as  ferrotimgsten  it  would  be  more 
economical  to  use  because  of  the  decreased  amoimt  necessary  to  give 
the  same  qualities. 

FERRONICKEIi. 

Nickel  is  usually  incorporated  in  steel  by  the  addition  of  metallic 
nickel  rather  than  of  ferronickel.  Most  of  the  ferronickel  now  used 
occasionally  is  made  in  a  crucible  furnace,  fired  by  coal  or  gas,  rather 
than  in  the  electric  furnace,  as  it  is  made  by  simply  melting  iron  and 
nickel  in  the  proper  proportions.  The  metallic  nickel  used  contains 
99  per  cent  nict^l.  Ferronickel  as  supplied  contains  25  per  cent, 
35  per  cent,  50  per  cent,  75  per  cent,  and  85  per  cent  nickel.  The 
impurities  in  these  alloys  consist  of  0.5  to  1  per  cent  carbon,  0.2  to  0.3 
per  cent  silicon,  0.01  to  0.02  per  cent  sulphur,  and  0.2  to  0.3  per  cent 
phosphorus.  It  is  claimed  that  these  alloys  give  a  more  homogeneous 
mixtiu'e  of  nickel  in  the  steel  than  is  obtained  by  the  use  of  the  ordi- 
nary nickel  metal.  The  alloy  is  malleable,  homogeneous,  and  can  be 
readily  rolled,  drawn,  or  worked.  The  ferronickel  containing  25  per 
cent  nickel  is  practically  nonmagnetic. 

BZPBBIMENTS  ON  THE   PBODUCTION  OF  NATUBAL  ALLOYS  OF 
NICKEL  DIBECTLY  FROM  ORE  IN  THE  ELECTBIC  FUBNACE. 

EXPERIMENTS  AT  SAULT  STE.  MABIE. 

In  1907,  during  the  course  of  the  experiments  on  the  production 
of  pig  iron  in  the  electric  fiunace  at  Sault  Ste.  Marie,  several  runs 
were  made  on  the  reduction  of  roasted  pyrrhotite  with  charcoal.'* 

a  Haanel,  E.,  Report  on  the  experiments  made  at  Saolt  Ste.  Marie,  Ontario,  under  OoTemment  aospfees, 
in  the  smelting  of  Canadian  iron  ores  by  the  electrothennks  process:  Mines  Brandi,  Department  of  tbe  Inte- 
rior, Canada,  1907. 
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The  furnace  used  in  these  experiments  was  similar  in  general 
design  to  that  shown  in  figure  38.  It  took  about  150  to  175  kilo- 
watts.   The  results  of  the  experiments  are  given  in  the  table  below: 

RestUts  of  experimenti  on  the  production  of  ferwniekel  from,  rootled  pyrrhotiU. 


Boasted  p3nTbotite. 


CoDstit- 
oent. 


BIO, 

It  OjCIs  .  «  .  • 

AisOt 

CaO 

MgO 

8 

P 

Cr 

M 


Per  cent. 


{ 


10.00 

65.43 

(45.8  Fe) 

3.31 

3.92 

3.53 

1.50 

.016 

.41 

2.23 


CtaarooftL 


Coostitaent. 


Moistiire 

Vol&tUe  matter 
Fixed  carbon.. 
Aah 


Percent. 


2.20 
20.60 
74.40 

2.80 


Average  analysis  of  ferroniclcel. 


Constituent. 


Nickel 

Copper 

Carbon 

Manganese.. 

SUIcon 

Phosphorus. 
Sulphur 


Percent. 


4.01 
.71 

3.19 
.10 

4.90 
.043 
.006 


Limestone. 


CoostiaiBnt. 


SIO, 

Fe,Ot+AltOi 

CaCO, 

MgCO. 

P 

8 


Percent. 


1.71 

.81 

92.85 

4.40 
.004 
.052 


Chaise. 


Consttto- 
ent. 


i  Ore 

;  Charcoal.. 
I  Limestone 

;  Quarts 

'  Fluorspar. 


Poooda. 


14.500 

4,050 

3,185 

40 

25 


Average  analysis  of  slag. 

> 

Constituent. 

Per  ceo  t. 

810s 

21.43 

AltOs 

11.60 

CaO 

49.63 

MeO 

8.78 

MnO 

.10 

FeO 

.28 

CaO 

.015 

NiO 

.018 

PK)i 

4.46 

8 

.03 

length  of  run,  hours  and  minutes 56   20 

Mean  vol  ts  on  furnace 86. 12 

Mean  am  peres  on  furnace 5, 000 

Power  factor 919 

Kilowatts 165.9 

Ferronickel  tapped ,  pounds 7,336 

K flowatt-hours  per  pound i.  27 

Kllowat t-years  per  ton 29 

The  furnace  was  later  used  in  the  production  of  ferronickel.  The 
results  of  the  work  done  later  is  given  in  the  report  by  the  metal- 
lurgist of  the  company  that  purchased  the  furnace.  The  ore  and 
raw  materials  were  of  about  the  composition  given  for  those  sub- 
stances in  the  table  above.  Four  hundred  pounds  of  briquetted 
roasted  ore,  140  to  150  poimds  of  limestone,  and  120  pounds  of  char- 
coal were  the  proportions  used.  During  fom*  months  of  operation,  154 
short  tons  of  ferronickel  of  approximately  the  composition  given  was 
produced,  with  a  power  consumption  of  0.34  kilowatt-year  per  ton. 
The  electrode  consumption  was  40  pounds  of  amorphous  carbon  per 
ton  of  ferronickel.  To  produce  a  product  containing  4  per  cent  nickel, 
2.75  per  cent  silicon,  0.8  per  cent  copper,  0.01  per  cent  sulphiw,  and 
0.03  per  cent  phosphorus,  on  the  average  2  tons  of  roasted  pyrrhotite 
<2  per  cent  sulphur),  1,500  poimds  of  limestone,  and  1,200  pounds  of 

arcoal  were  used. 
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The  results  of  the  operation  of  the  furnace  show  the  possibility  of 
producing  a  low-grade  ferronickel  directly  from  roasted  ore  in  the 
electric  furnace.  Owing  to  the  low  percentage  of  nickel  in  the  ore  a 
high  percentage  of  nickel  could  not  be  concentrated  in  the  metal. 
There  was  difficulty  in  selling  the  product,  so  that  after  a  short  period 
of  operation  the  work  was  discontinued.  The  product  was  not  pure 
enough  or  high  enough  grade  for  steel  manufacture. 

EXPERIMENTS   AT  PLANT   IN   NORTH   CAROLINA. 

A  plant  was  erected  at  Webster,  Jackson  Coimty,  N.  C,  where 
experiments  were  conducted  on  the  reduction  of  gamerite  in  the 
electric  furnace  with  coke  as  a  reducing  agent.**  The  furnace  used 
was  similar  to  the  one  shown  in  figure  41.  The  ores  used  were  gar- 
nerite,  containing  7.3  per  cent  Ni.,  37.5  per  cent  SiO,,  29  per  cent  Al, 
1.8  per  cent  Fe,  10  per  cent  Mg,  0.1  per  cent  CO,  and  11.9  per  cent 
HjO,  and  dunite,  containing  1.7  per  cent  Ni,  41.8  per  cent  SiO„  6.7 
per  cent  Al,  8.3  per  cent  Fe,  28.2  per  cent  Mg,  0.02  per  cent  CO,  and 
10.9  per  cent  HjO.  About  10  per  cent  of  coke  was  used.  The  prod- 
uct made  was  a  nickel  sincide  containing  10  to  30  per  cent  nickel,  20 
to  30  per  cent  silicon,  40  to  50  per  cent  iron,  5  to  10  per  cent  Al, 
3  to  5  per  cent  Cr,  and  3  to  4  per  cent  of  carbon,  magnesium  sulphur, 
and  phosphorus.  The  average  power  on  the  furnace  was  200  kilo- 
watts. About  7,800  pounds  of  ore  was  smelted  per  24  hours.  ^  In  a 
typical  run  6.3  kilowatt-hours  was  used  per  poimd  of  nickel  silicide 
produced.  The  silicide  contained  11.9  per  cent  nickel.  The  plant 
is  no  longer  in  operation.  Power  was  very  expensive  at  the  point  of 
erection  of  the  experimental  plant.  It  was  stated  to  cost  $200  per 
kilowatt-year. 

EXPERIMENTS    OF   STEPHAN. 

In  1903,  at  the  works  of  the  Soci6t6  Anonyme  filectromfitallurgique 
Proc6d6s  Paxd  Girod,  Stephan  worked  on  the  production  of  a  nickel 
silicide  from  a  silicon  ore  of  nickel.*'  The  product  contained  30  per 
cent  nickel  and  47.20  per  cent  siUcon.  In  1911,  experiments  were 
performed  at  the  same  works  in  an  attempt  to  make  a  ferronickel 
containing  3  to  5  per  cent  silicon. 

The  furnace  used  was  of  the  type  shown  in  figure  43.  It  was  of  220 
kilowatts  capacity  and  treated  8  tons  of  ore,  with  the  production  of 
770  poimds  of  metal,  in  24  hours.  The  power  consumption  was  1,760 
kilowatt-hours  per  ton  of  ore  treated,  or  6.86  kilowatt-hours  per 
potmd  of  alloy  obtained.    In  practice  it  is  believed  the  power  con- 

a  AnoQ.,  Electric  smelting  of  nickel  ore:  Met.  and  Cbem.  Eng.,  vol.  8, 1910,  p.  277. 

b  Morrison,  W.  L.,  Electrlo-fumace  treatment  of  nickel  ore  and  the  development  of  a  commercial  process: 
Trans.  Am.  Electrochem.  Soc.,  voL  20, 1911,  p.  315;  Met.  and  Chem.  Eng.,  vol.  4, 1911,  p.  546. 

c  Stephan,  M.,  Einiges  fiber  die  EneDgang  vco  Metallen  im  elektrisohcn  Ofon:  Mc^  und  Ers,  vol.  l, 
1912,  p.  11. 
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sumption  could  be  reduced  to  1,200  kilowatt-hours  per  ton  of  ore,  or, 
on  the  basis  of  the  same  percentage  extraction,  to  4.69  kilowatt-hours 
per  poimd  of  alloy.    The  results  of  the  experiment  are  shown  below: 

Results  of  Stephanas  experiments  on  the  prodfu^ctum  offerronickel. 


Ore. 


Constituent. 


NIO 

SIO, 

Fe,0«.... 

MkO 

Afio,... 

HiO 

Moistu-c 


Percent. 


8.33 
28.58 
14.61 
2a  65 

2.33 
12.32 
12.54 


Fentmickel. 


Constitaent. 


Nickel.... 

Iron 

SUicon.... 
suicide.... 
Aituninam 

Carbon 

Sulphur... 


Percent. 


41.50 

51.6 

4.33 

Trace. 

.81 

1.34 

.04 


Slag. 


Constitu- 
ent. 


NiOs 
SiOt. 
FeO. 


Percent. 


an 

53.98 
LM 


FERROPHOSPHORUS. 

Ferrophosphorus  is  made  in  the  electric  furnace  from  apatite  or 
other  phosphorus-bearing  mineral.  It  is  used  in  the  open  hearth  for 
enriching  Uie  slag  so  as  to  get  phosphorus  into  the  steel,  as  steel  for 
sheet  purposes,  particularly  tin  plates,  can  be  rolled  more  satisfacto- 
rily if  it  contains  phosphorus.  Two  grades  of  ferrophosphorus  are 
used.  One  contains  16  to  20  per  cent  phosphorus  and  has  the  follow- 
ing analysis:  17.5  per  cent  phosphorus,  76.2  per  cent  iron,  0.42  per 
cent  silicon,  0.27  per  cent  carbon,  and  5.75  per  cent  manganese.  The 
other  grade  contains  20  to  25  per  cent  phosphorus  and  has  24.0  per 
cent  phosphorus,  73.3  per  cent  iron,  2.47  per  cent  silicon,  0.03  per  cent 
carbon,  0.08  per  cent  sulphur,  and  0.10  per  cent  manganese.  Alloys 
containing  phosphorus  and  manganese  are  also  made.  Some  ferro- 
phosphorus is  made  in  Canada  in  the  electric  furnace,  but  most  of  it 
comes  from  Emt)pe,  except  what  is  produced  by  a  blast  fiunace  in 
Tennessee. 

FERROSILICON. 

HISTORY. 

Ferrosilicon  is  the  most  extensively  used  of  all  the  ferro-alloj^ 
produced  in  the  electric  furnace.  If  all  ferro-alloys  be  considered,  it  is 
second  only  to  ferromanganese  in  amount  consumed.  Ferrosilicon  was 
first  prepared  in  1810  by  Berzrlius  *",  who,  with  a  mixture  of  iron  shav- 
ings, siUca,  and  carbon,  obtained  an  alloy  containing  9  per  cent  silicon. 
In  1811,  Strohmayer  ^  repeated  the  experiments  of  Berzelius  and  pre- 
pared a  series  of  alloys  containing  2.2  to  9.3  per  cent  silicon.  Valten  ^ 
made  ferrosilicon  at  Terre-Noiro  in  1872  by  the  reduction  of  iron  oxide 
and  silica  in  a  crucible  with  carbon.     There  was  10  to  12  per  cent  sili- 

a  Coond,  W.,  and  Pick,  W.,  Die  HersteUung  von  HochproMOtigam  FerrosUiiiiim  im  elaktrisolMD  Olsi, 
00.   R«Tue  de  M6tallargi«,  vol.  9, 1912,  p.  362. 
QoUtot,  L.,  itadt  tndaitriel  det  tUii^cs  m^taUlque. 
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con  in  the  product.  Using  iron  turnings,  silica,  and  carbon,  he  ob- 
tained an  alloy  containing  22  per  cent  silicon.  In  1875  Pourcel  made 
15  per  cent  ferrosilicon  in  the  blast  furnace  at  Terre-Noire.  Silico- 
spiegel  was  made  at  the  same  time  in  the  blast  fmnace  of  Pourcel. 
From  that  time  on,  the  manufacture  of  ferrosilicon  in  the  blast  furnace 
became  firmly  established.  Moissan**  in  his  electric  furnace  work 
made  some  ferrosiUcon  and  silicides.  The  first  company  to  take  up 
the  manufacture  of  ferrosilicon  in  the  electric  furnace  was  a  company 
in  West  'Virginia  operating  under  the  Chalmot  patents^  in  1898. 
Thus  the  manufacture  of  this  important  alloy  in  the  electric  fimiace 
was  begun  in  the  United  States,  but  to-day  comparatively  little  is 
produced  in  this  country.  Blast-furnace  ferrosilicon  had  been  manu- 
factured for  many  years  previous  to  this  in  the  United  States.  In 
1899  the  carbide  industry  in  Eiu'ope  began  to  collapse,  and  the  manu- 
facture of  ferro-alloys  was  commenced.  The  first  product  made  was 
ferrosilicon,  the  production  of  which  was  commenced  in  1899  at  Bozel, 
France,  \mder  the  patents  of  Rothenau.^  This  was  followed  by  a 
plant  at  Meran,  Switzerland,  in  1900,  a  plant  at  Giffre,  Switzerland, 
in  1901,  and  plants  at  Matrei,  Austria,  and  at  Notre  Dome  de  Briar^on, 
Ugine,  Idvet,  and  Albert ville,  France,  in  1902.  There  are  to-day 
many  other  plants  in  France,  (jermany,  Switzerland,  Austria,  Norway, 
and  Sweden.  In  the  United  States  there  is  but  one  producer,  a  com- 
pany that  operates  an  old  aluminum  plant  at  Kanawha  Falls,  W.  Va., 
and  also  one  at  Nii^ara  Falls,  N.  Y.  It  is  said  that  not  all  of  the  ferro- 
silicon sold  by  this  company  is  manufactured  in  this  country,  some 
being  imported.  At  Welland,  Ontario,  Canada,  there  is  a  ferrosilicon 
works  producing  about  4,000  tons  yearly.  The  product  contains  50 
per  cent  of  silicon.     Some  of  it  is  exported  to  the  United  States. 

THEORY. 
SILICIDES    OF   mON. 

A  silicide  of  iron  in  the  proportion  87.28  per  cent  iron  and  11.01  per 
cent  siUcon  was  found  in  a  meteor  by  Shepard  in  1859.  Camot  and 
Goutal**  isolated  the  silicide  (FeMn)jSi  by  treatment  of  a  silicon 
Spiegel  with  sulphuric  acid.  This  corresponds  in  silicospiegel  to  the 
silicide  FcjSi,  85.714  per  cent  iron  and  14.286  per  cent  silicon,  that 
possibly  exists  in  ferrosilicon.  Naske^  tried  to  obtain  pure  FcjSi  by 
treating  a  ferrosilicon  containing  13.19  per  cent  silicon  with  ammo- 
niacal  copper  chloride,  but  was  unsuccessful.    By  treating  a  10  per 

a  Moissao,  H.,  Action  du  silicnm-  sur  le  fer,  le  chrome  et  Targent:  Compt.  Rend.,  vol.  121, 1896  p.  621. 

»  U.  S.  patents  Nos.  6Q2975  and  602976,  Apr.  26. 1898. 

«  Camot,  and  Qoutal,  Recherches  snr  I'etat  od  se  trouvent  le  siUcium  et  le  chrome  dans  les  prodults 
sldemrglques:  Compt  Rend.,  vol.  126, 1898,  p.  1240. 

'Gamot,  and  Ooutal,  Loc.  cit. 

«  Conrad,  W., and  Pick,  W.,  Die  Herstellung  von  Hoohprocentlgem  Ferrosilizium  in  elektrischen  Ofen, 
1909.  Rev.  de  M4tallurgle,  vol.  9, 1912,  p.  362. 
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cent  ferrosilicon  with  sulphur,  he  obtained  a  magnetic  product  which 
resembled  a  mixture  of  FeS  and  Fe,Si.  Although  the  silicide 
Fe,Si  has  not  been  actually  isolated,  its  existence  seems  probable  by 
analogy  with  cemantite  Fefi  and  (FeMn),  C.  Fe,Si  is  decomposed 
after  a  long  time  by  dilute  sulphuric  acid,  and  is  dissolved  by  hydro- 
chloric acid  from  all  silicides  containing  less  than  20  per  cent  silicon. 
It  is  not  attacked  by  dilute  nitric  acid. 

The  siticide  Fe,Si,  80  per  cent  iron  and  20  per  cent  silicon,  has  been 
isolated  from  commercial  products  by  Camot  and  Goutal,^  by 
Osmond,*  and  by  Lebeau.*  Camot  trisated  ferrosiUcon  with  dilute 
nitric  acid  and  ammoniacal  copper  chloride  and  Qoutal  treated  it 
with  warm  dilute  nitric  acid.  Hahn  obtained  Fe^Si  by  synthesis, 
fusing  iron  chloride,  sodium  chloride,  amorphous  silicon,  sodium,  and 
fluorspar.  In  the  electric  furnace  Moissan  ^  heated  iron  oxide  and 
crj^tallized  silicon  to  obtain  Fe^Si.  Lebeau  obtained  it  by  heating 
a  mixture  of  iron  and  cuprosilicon. 

FejSi  forms  small  prismatic  crj^tals  of  metallic  appearance.  It  is 
magnetic  and  has  a  specific  weight  of  7.  It  is  not  attacked  by  either 
dilute  or  concentrated  nitric  acid.  It  is  dissolved  easily  by  hydro- 
chloric acid,  with  more  difficulty  by  aqua  r^a,  and  completely  by 
hydrofluoric  acid.  In  alkaUne  solution  it  is  dissolved  completely  only 
in  hot  concentrated  solution. 

The  silicide  FejSi,,  which  is  foimd  frequently  in  industrial  products 
bearing  25  to  28  per  cent  silicon,  contains  75  per  cent  iron  and  25  per 
cent  silicon.  It  forms  octahedral  crystals  and  has  a  specific  gravity 
of  6.7.  It  is  as  magnetic  as  FegSi  and  Fe^Si.  It  is  stable  in  the  pres- 
ence of  all  acids.  Chlorine  or  bromine  attacks  it  when  at  a  red  heat. 
According  to  Gin,  it  is  decomposed  at  a  high  temperature  into  Fe^Si 
and  Si. 

The  best  known  silicide  of  iron  is  FeSi,  66.67  per  cent  iron  and  33.33 
per  cent  silicon.  This  alloy  was  prepared  by  synthesis  by  Fremy, 
through  the  action  of  silicon  chloride  upon  iron,  and  by  Lebeau 
through  the  action  of  cuprosilicon  on  iron.  Lebeau  also  isolated 
FeSi  from  ferrosilicon  containing  35  per  cent  silicon.  FeSi  crystal- 
lizes in  tetrahedral  needles.  Its  specific  weight  is  6.17,  and  its  hard- 
ness about  7.  When  cold  it  is  attacked  by  fluorine;  at  a  dull  red  heat 
it  is  attacked  by  bromine  and  chlorine,  by  an  alkaline  fusion,  by  hy- 
drofluoric acid,  or  by  a  mixture  of  hydrofluoric  and  nitric  acids. 

The  silicide  FeSi,,  50  per  cent  each  of  iron  and  silicon,  has  been 
little  studied.    It  has  been  prepared  by  Hahn  and  Lebeau  by  sjm- 

a  Camot,  and  Ooutal,  Researches  sor  Tetat  ofk  m  troavent  le  siUdoin  et  le  chrome  dans  lee  prodofts 
sldemrgiqaes:  Comp.  Rend.,  vol.  126, 1808,  p.  1240. 

5  Osmond,  F.,  Recherches  oalorlmetrlquee  sur  T^tat  da  siUolom  et  de  Taliiminlum  dans  les  fera 
fondos:  Compt.  Rend.,  vol.  113, 1801 , p.  474. 

«  Conrad,  W.,  and  Pick,  W.,  Die  HersteDung  voo  Hochproientlgem  Ferroeflixium  Im  elektrisebea  Ofn, 
1000.    Rev.  de  IMtaUorKfe*  ▼ol.  0, 1012,  p.  362. 

*  Moissan,  H.,  Aotkm  da  siliclam  sar  le  fer,  le  chrome  et  Taitent:  Compt.  Rend.,  vol.  121, 1806,  p.  OU. 
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thetic  meihods.  Chalmot  treated  39  to  50  per  cent  ferrosilicon  with 
cold  dilute  hydrofluoric  acid  to  obtain  it.  •  Its  specific  weight  is  5.4 
and  its  hardness  4  to  5.  Hydrofluoric  attacks  it  only  in  concentrated 
solution,  and  the  other  acids  have  no  eflfect  upon  it. 

The  silicide  FeSig,  40  per  cent  iron  and  60  per  cent  silicon,  is  also 
little  known.  Naske  obtained  it  from  a  ferrosilicon  by  treatment  with 
hydrofluoric  acid.  It  was  in  the  form  of  a  crystalline  powder,  which 
was  insoluble  in  all  solvents  and  attacked  with  diflBculty  by  carbonate 
fusion.  Pick  claims  that  this  silicide  exists  only  in  ferrosilicon  con- 
taining a  high  percentage  of  silicon. 
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Figure  53.— Cooling  curves  of  the  Iron-silicoii  system. 

Tamman  ^  and  Giirtler  have  obtained  the  cooling  curves  of  the  iron- 
silicon  system  (fig.  53).  They  show  the  existence  of  only  two  sili- 
cides,  FcjSi  and  FeSi,  but  from  work  of  others  it  seems  that  there 
surely  exist  three,  Fe^Si,  FeSi,  and  FeSi,,  and  perhaps  two  others, 
FcjSi  and  FeSi,. 

The  resistance  of  silicides  of  iron  to  acids  increases  and  the  specific 
weight  and  magnetic  power  decrease  when  the  silicon  content  in- 
creases. They  all  have  a  good  electrical  conductivity  and  are  disin- 
tegrated by  carbonate  fusion  more  or  less  easily  according  to  their 
silicon  content. 

a  Conrad,  W.,and  Pick,  W.,  Die  Herstellung  von  Hochprozentigem  Ferrosllizium  im  elektrischen  Ofen, 
1900.    Rev.  de  M^tallurgie,  vol.  9, 1913,  p.  362. 
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PBOPBBTIB8  OF  FBBBOSIUOON.a 

Ferrosilicon  always  has  a  crystalline  appearance.  If  its  silicon  con- 
tent is  less  than  20  per  cent  it  is  dull,  shows  a  fine  crystallization,  and 
resembles  white  iron.  With  a  silicon  content  of  20  to  30  per  cent  the 
ciystals  become  more  brilliant  and  show  a  slaty  crystallization. 
With  a  silicon  content  of  50  per  cent  or  more,  the  crystallization  dis- 
appears and  is  replaced  by  a  fine  texture  resembling  more  and  more 
silicon.  It  is  not  difficult  to  judge  the  percentage  of  silicon  by  the 
eye,  according  to  the  texture  and  the  color  of  the  fractured  surface. 
As  the  percentage  of  silicon  increases  to  more  than  50  per  cent,  the 
ferrosilicon  takes  on  a  bluish  color. 

The  various  grades  of  commercial  ferrosilicon  are  substantially 
binary  alloys.  Two  compounds,  Fe,Si  and  FeSi,  exist.  The  micro- 
structure  indicates  two  eutectics,  one  containing  21.6  per  cent  silicon 
(Fe^Si  and  FeSi)  and  the  other  containing  60  per  cent  silicon 
(FeSi  and  Si) .  With  a  silicon  content  of  less  than  20  per  cent  the 
alloys  consist  of  solid  solutions  of  Fe  and  Fe^Si,  which  are  hard,  firm 
masses  giving  off  Utile  or  no  gas.  Alloys  with  a  silicon  content  of 
20  to  21.6  per  cent  silicon  consist  of  primary  ciystals  of  Fe,Si  in  a 
ground  of  a  eutectic  composed  of  Fe^Si  and  FeSi.  These  alloys  are 
more  brittle  than  the  lower  grades.  With  a  silicon  content  of  21.6 
to  33.3  per  cent,  the  structure  shows  FeSi  surrounded  by  the  eutectic 
FcjSi  and  FeSi.  With  a  silicon  content  of  33.3  to  60  per  cent  there 
are  crystals  of  FeSi  in  the  eutectic  FeSi  and  Si.  With  more  than  60 
per  cent  of  silicon  there  exist  silicon  crystals  in  a  field  of  the  eutectic 
FeSi  and  Si. 

With  a  silicon  content  of  30  per  cent  or  less,  ferrosilicon  is  hard  and 
has  no  tendency  to  disint^rate  spontaneously.  Samples  containing 
30  to  65  per  cent  silicon  show  a  decided  tendency  to  spontaneous 
disintegration.  They  crumble  on  keeping,  and  some  of  them  actually 
fall  to  powder  after  a  few  weeks.  This  spontaneous  disintegration 
is  usually  accompanied  by  the  evolution  of  bad-smelling  and  poisonous 
gases.  Although  samples  with  a  silicon  content  of  70  to  96  per  cent 
are  somewhat  brittle,  they  are  not  so  easily  broken  and  reduced  to 
powder  as  those  containing  between  30  and  65  per  cent  silicon,  and 
they  do  not  show  a  tendency  to  disint^rate  spontaneously. 

The  specific  gravity  decreases  as  the  percentage  of  silicon  increases, 
because  the  specific  gravity  of  pure  iron  is  7.8,  whereas  that  of  pure 
silicon  is  2.49.  In  figure  54  a  curve  representing  the  results  of 
determinations  of  the  specific  gravity  of  various  samples  of  commercial 
ferrosilicon,  made  by  Dr.  Hahe,  of  the  British  Local  Grovemment 
Board,  is  shown  in  comparison  with  the  theoretical  curve  representing 
the  calculated  specific  gravities  for  all  percentages  on  the  assumption 

•  CopMuan,  S.  M.,  Beonett,  8.  R.,  and  Hahe,  H.  W.,  Yellow  book  of  British  Local  OoTwnmcnt  Board 
tha  ICanateotora,  Vmt,  and  Traniport  of  Fflnosllloon,  1910:  Mot.  and  ClMm.  Eng.,  vol.  8, 1910,  p.  ISI. 
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that  mixtures  of  iron  and  silicon  are  formed  without  change  of  volume. 
A  comparison  of  the  two  curves  shows  that  the  assumption  is  not 
correct,  that  the  specific  gravities  are  partly  above  and  partly  below 
the  theoretical  curve,  and  that  contraction  of  volume  occurs  in  the 
alloys  containing  60  per  cent  or  less  of  silicon,  and  expansion  of  vol- 
ume in  alloys  containing  more  than  60  but  less  than  96  per  cent  sili- 
con, presumably  owing  to  the  presence  of  definite  silicides  of  iron  in 
the  alloys. 

According  to  the  diagram  of  Tamman  and  Giirtler  (fig.  53),  the 
fusing  point  of  25  and  50  per  cent  ferrosilicon  is  1,360®  C.  The  melting 
point  of  silica  is  1,425®  C,  and  of  iron  1,540®  C. 

The  chemical  purity  of  the  product  decreases  slightly  with  de- 
crease in  the  silicon  content.    Compared  with  the  impurities  of  the 
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FiGUR£  54.— Specific  gravity  curves  of  ferrosHioon  samples  containing  varying  percentages  of  ferrosilicon. 
Irregular  line  represents  results  of  actual  determinations.  Uniform  curve  represents  (»lculations  based 
OQ  MBumpikm  that  mixtures  of  iron  and  silfcon  are  formed  without  change  of  v<dume. 

blast-furnace  alloys,  the  impurities  in  electric-furnace  ferrosilicon  are 
low.  The  calcium  content  in  the  25  per  cent  grade  is  about  0.5  per 
cent,  and  increases  to  0.7  to  1  per  cent  for  90  per  cent  ferrosilicon. 
The  magnesium  content  varies  from  0.10  per  cent  in  the  25  per  cent 
grade  to  0.3  per  cent  in  the  90  per  cent  grade.  The  average  aluminum 
content  in  all  grades  is  between  0.1  and  0.15  per  cent.  In  the  blast- 
furnace ferrosilicon  the  percentage  of  carbon  is  1  to  1.5  per  cent. 
This  diminishes  with  increase  in  the  silicon  content,  so  that  in  the  25 
per  cent  grade  there  is  about  0.35  per  cent  carbon,  and  in  the  90  per 
cent  grade  the  carbon  content  is  as  low  as  0.2  per  cent.  The  phos- 
phorus content  is  generally  less  than  0.10  per  cent,  the  sulphur 
content  less  than  0.05  per  cent,  and  the  manganese  content  less  than 
0.4  per  cent. 
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DISINTBaRATION  AND  BVOLXTTION  OF  QAB  FBOM  FBRBOSHJOON. 

As  has  been  stated,  a  f  errosilicon  containing  between  30  and  65  per 
cent  silicon  has  a  tendency  to  disintegrate.  It  is  not  known  whether 
this  property  is  inherent  in  these  grades,  or  whether  it  is  due  to  chemi- 
cal or  physical  conditions.  The  main  impurity  that  might  cause  dis- 
integration is  calcium.  K  the  calcium  were  present  in  the  state  of  a 
silicide,  the  alloy  would  be  stable,  but  if  the  calcium  were  present 
as  calcium  carbide,  the  alloy  would  be  very  unstable.  The  presence 
in  ferrosilicon  of  calcium  as  calcium  carbide  might  be  due  to  the 
manufacture  of  ferrosilicon  in  an  old  carbide  furnace.  In  a  new  fur- 
nace there  should  be  no  contamination  by  carbide. 

It  has  been  noticed  that  disintegration  occurs  in  spots.  In  a  mass 
of  ferrosilicon  of  uniform  composition,  part  will  stay  solid  and  part 
break  up.  Coating  the  product  with  paraffin  has  been  tried,  but 
is  no  longer  believed  to  be  efficacious,  as  it  aflfects  only  the  surface. 
Some  persons  beUeve  that  disintegration  is  affected  by  the  tempera- 
ture of  pouring  and  the  density  of  the  current  of  electricity  in  the 
electrodes.  When  the  temperature  is  high  and  the  amount  of  cur- 
rent great,  the  product  seems  to  be  more  subject  to  disintegration. 
It  is  possible  that  there  is  a  phenomenon  analogous  to  the  allotropic 
changes  of  certain  elements,  such  as  sulphur.  The  solid  parts  have  a 
homogeneous  structure  and  grain,  whereas  the  substance  affected  by 
disintegration  consists  of  crystals  surrounded  by  a  powder. 

There  is  evolution  of  explosive  and  poisonous  gases  from  these 
grades  of  ferrosilicon  when  the  alloy  is  in  moist  air  and  when  there  is 
friction  between  the  particles  of  the  alloy  as  in  transportation.  Dupre 
and  Lloyd**  attribute  the  explosions  to  acetylene  gas  made  to  ignite 
by  the  presence  of  small  quantities  of  phosphide  of  hydrogen  (PH,), 
and  when  this  is  not  present  by  sparks  from  attrition  of  particles 
of  ferrosilicon.  Wilson**  found  silicide  of  hydrogen.  Ashenary* 
believed  the  gas  to  be  hydrogen.  Most  investigators  believe  the  poi- 
sonous gas  to  be  PH„  as  phosphide  of  calcium  and  phosphide  of  iron 
are  not  decomposed  by  water. 

In  his  report  to  the  British  local  government  board,  Hahe  states 
that  he  found  phosphoretted  hydrogen  (PHj)  and  arseniuretted 
hydrogen  (AsH,).  He  did  not  find  in  the  samples  tested  any  sili- 
ciuretted  iiydrogen  (SiH4)  nor  acetylene  (CjHj),  although  others 
report  those  gases  present  as  in  ferrosUicon.  It  is  probable  that  the 
poisonous  emanations  are  phosphoretted  hydrogen  and  arseniuretted 
hydrogen  evolved  by  the  action  of  water. 

The  formation  of  these  gasos  is  due  to  the  presence  of  small  quan- 
tities of  calcium  phosphate  [Ca,(P04)2]  ^^^  arsenic  in  the  raw  mate- 

«  Coond,  W.,  and  Pick,  W.,  Die  HersteUung  von  Hbchprocentigem  Fgrosflteftim  im  elaktriscben  Ofeo, 
1900.    Rev.  de  M^taUurgis,  VOL  9, 1913,  p.  362. 


PEBEOSlLICOir.  161 

rials.  Calcium  phosphate  occurs  in  coal  and  quartz.  In  itself  it  is 
harmless.  It  is  insoluble  in  water  and  is  common  in  nature.  In  the 
electric  furnace,  in  the  presence  of  carbon,  it  is  reduced  to  calcium 
phosphide  (Ca,P,).  The  calcium  phosphide  remains  in  the  ferro- 
siCcon  and  in  contact  with  water  in  moist  air  is  decomposed  with 
evolution  of  phosphoretted  hydrogen  (PHg),  which  is  very  poisonous. 
Arsenic  occurs  in  nature  closely  associated  with  phosphorus,  and 
finds  its  way  into  the  ferrosiUcon  as  calcium  arsenide,  which  is 
decomposed  by  water  or  moist  au",  with  the  formation  of  arseniuretted 
hydrogen  (AsH,),  also  a  poisonous  gas. 

These  gases  are  evolved  only  by  the  grades  of  ferrosiUcon  that 
disint^rate  easily — containing  30  to  65  per  cent  siUcon.  The  British 
Grovemment  board  classed  as  dangerous  all  grades  that  contained 
between  30  and  70  per  cent  siKcon. 

BEDTTCTION  WITH  CABBON. 

FerrosiUcon  is  made  commerciaUy  in  two  ways  only — by  the 
reduction  of  siUca  and  iron  ore  with  carbon  or  by  the  reduction  of 
siUca  with  carbon,  the  iron  being  added  as  iron  turnings,  which  are 
simply  melted.  The  utiUzation  of  siUceous  and  ferruginous  slags 
has  been  proposed,  but  has  not  been  adopted  commercially,  and 
experiments  of  the  writer  indicate  that  it  does  not  seem  practicable. 

SiUca  is  reduced  by  soUd  carbon  at  a  temperature  of  1,485°  C. 
The  reduction  point  of  siUcon  is  lowered  if  there  is  iron  present  in- 
the  charge  to  combine  with  the  siUca.**  With  a  chaise  composed 
of  20  parts  of  siUca,  30  parts  of  iron,  and  8  parts  of  carbon  the 
temperature  of  reduction  was  lowered  to  1,200®  C.  in  experiments 
performed  by  Greenwood.  In  commercial  practice  the  presence 
of  iron  to  lower  the  reduction  temperature  is  important,  as  is  shown 
by  the  fact  that  furnaces  working  upon  a  low-siUcon  product,  with 
a  large  charge  of  iron  operate  better  than  when  treating  a  high- 
siUca  product  with  a  low  iron  charge. 

Reduction  takes  place  according  to  the  formula: 

SiOa+2C=Si+2CO. 

Thus,  the  reduction  of  100  parts  of  siUcon  from  214  parts  of  siUca 
requires  86  parts  of  carbon.  The  reduction  of  iron  oxide  is  generally 
by  the  soUd  carbon  only,  according  to  reaction: 

Fe303+3C=2Fe+3CO. 

By  this  formula  for  the  reduction  of  100  parts  of  iron  from  143 
parts  of  hematite  32  parts  of  carbon  is  necessary.     In  the  usual 

a  Greenwood,  H.  C,  ffluele,  R.  E.,  Prin*,  J.  N.,  Reduction  of  refractory  oxides,  production  ol  ferro- 
alloys and  foimation  of  carbides.  Trans.  Chem.  Soc.  (England),  voL  03,  1908,  p.  1484.  Electrocbem. 
and  Met.  Ind.,  yoL  7,  1900,  p.  110. 
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ferrosilicon  furnace  there  is  no  shaft,  so  that  reduction  results  mainly 
in  the  formation  of  gas,  the  greater  part  of  which  is  carbon  monoxide, 
as  shown  in  the  above  formula. 

In  the  calculation  of  theoretical  power  consumption  the  following 
constants  are  used : ' 

RedoctJon  or  oxidatioii.  CaloilBi 

ftosorooa. 

1  kg.  Pe  from  Fe,0, 1,746 

1  kg.  8i  from  SiO, 6,428 

1kg.  0  to  CO 2,430 

The  specific  heat  of  iron  for  temperatures  ranging  from  0**  to 
1,400^  C.  is  taken  as  the  average  0.20;  of  silicon  for  temperatures 
ranging  from  0**  to  1,400**  C,  0.25;  and  of  carbon  for  a  similar  range, 
0.50. 

Theoretically  the  energy  necessary  for  the  reduction  of  1  kg.  (2.2 
poimds)  of  silicon  from  silica  is  the  result  of  dividing  6,428  by  857, 
or  7.5  kilowatt-hours  per  kilogram  (3.4  kilowatt-hours  per  poimd). 
The  amoimt  of  energy  necessary  to  reduce  a  long  ton  of  pure  silicon 
would  then  be  7,600  kilowatt-hours,  or  0.87  kilowatt-year,  per  ton. 

PBODTTCnON   FROM   IRON   ORB   OF   FBRROSHJCON   CONTAINING 

30  PER  CENT  SILICON. 

In  the  calculations  following,  relative  to  producing  ferrosilicon 
containing  30  per  cent  silicon  from  iron  ore,  the  assumptions  made 
are:  First,  that  the  iron  of  the  alloy  is  to  be  reduced  from  a  pure 
hematite  ore  70  per  cent  iron;  second,  that  the  ferrosilicon  is  to  con- 
tain 30  per  cent  iron  and  70  per  cent  silicon;  third,  that  the  silicon 
is  to  be  from  a  pure  quartz  containing  46.7  per  cent  silicon;  and, 
fourth,  that  the  reduction  is  to  take  place  according  to  the  given 
reactions.    The   calculations   follow: 

Calories 
Redactlop.  required. 

700kg.  FefromFeaO, 700X1,746 1,222,200 

300  kg.  Si  from  SiOj 300X6,428 1,928,400 

Heating. 

700  kg.  Fe  to  1,400^  C 700X1,400X0.2 196,000 

300  kg.  Si  to  1,400^  C 300X1,400X0.25....      105,000 

482  kg.  C  to  1,400**  C 482X1,400X0.5 337,400 

Total 3, 789, 000 

Amount  of  heat  supplied  : 

By  combustion  of  482  kg.  C 482X2,430. ...  1, 171, 260 

By  the  electric  current 2, 617, 740 

Total 3,789,000 

Therefore,  the  theoretical  amount  of  electrical  energy  necessaiy 
for  the  production  of  30  per  cent  ferrosilicon  from  iron  ore  and  quartz 
is  the  result  of  dividing  2,617,740  by  857,  or  3,054  kilowatt-hours  per 
metric  ton,  or,  in  terms  of  the  long  ton,  3,109  kilowatt-hours,  or 
0.35  kilowatt-year  per  long  ton. 

a  Richards,  J.  W.,  MetaUurgical  calciilatloiis,  1906,  vol.  1. 
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PBODXTCnON  OF  FBBBOSUJCON  CONTAININO  30  FEB  CENT  SILICON 

FBOM  ntON  TT7BNINOS. 

In  the  calculations  following,  relative  to  producing  f errosiUcon  con- 
taining 30  per  cent  siUcon  from  iron  turnings,  the  assumptions  made 
in  the  ore  are  as  follows,  the  same  as  for  the  production  of  30  per  cent 
f errosilicon  using  iron  ore,  except  that  in  this  case  wrought  iron  or 
steel  turnings  are  the  soinxje  of  iron: 

Calories 
Reduction.  required. 

300  kg.  SifromSiOj 300X6,428 1,928,400 

Heating. 

700 kg.  Fe  to  1,400**  C 700X1,400X0.2 196,000 

300  kg.  Si  to  1,400^  C 300X1,400X0.25....       105,000 

258  kg.  C  to  1,400*  C 258X1,400X0.5 180,600 

Total 2,410,000 

Amount  of  heat  supplied : 

By  combustion  of  258  kg.  C 258X2,430....  626,940 

By  the  electric  current 1, 783, 060 

Total 2,410,000 

Therefore  the  theoretical  amount  of  electrical  energy  necessary 
for  the  production  of  30  per  cent  f errosilicon  from  iron  turnings  and 
quartz  is  the  result  of  dividing  1,783,060  by  857,  or  2,080  kilowatt- 
hours  per  metric  ton,  or  2,116  kilowatt-hours  (0.24  kilowatt-year) 
per  long  ton. 

From  these  figures  it  is  evident  that  the  production  of  30  per  cent 
f errosiKcon  in  the  electric  furnace  when  iron  turnings  are  used  requires 
only  68  per  cent  of  the  energy  necessary  with  the  use  of  iron  ore. 

FIFTY  FEB  CENT  FEBBOSUJCON. 

Analogous  to  the  case  of  a  30  per  cent  ferrosilicon,  with  a  50  per 
cent  product  the  power  consumption  with  iron  ore  is  3,945  kilowatt- 
hours  per  metric  ton,  or  4,010  kilowatt-hours  (0.46  kilowatt-year)  per 
long  ton.  If  iron  turnings  are  used  instead  of  iron  ore  the  power 
consumption  per  ton  of  50  per  cent  ferrosUicon  made  is  3,245  kilowatt- 
hours  per  metric  ton,  or  3,300  kilowatt-hours  (0.38  kilowatt  year)per 
long  ton. 

In  making  50  per  cent  ferrosilicon,  the  saving  in  energy  is  not  so 
great  by  using  iron  turnings  instead  of  iron  ore  as  in  making  the  30 
per  cent  product  because  of  the  smaller  amoimt  of  iron  necessary  in 
the  charge.  In  making  the  50  per  cent  alloy  the  energy  consumption 
with  turnings  is  82  per  cent  of  that  with  iron  ore. 

XANUFACTTJBE  OF  FEBBOSUJCON  IN  THE  BI«AST  FX7BNACE. 

FerrosiUcon  of  less  than  20  per  cent  silicon  is  made  in  the  blast 
furnace,  whereas  the  electric  furnace  is  used  for  all  the  grades  con- 
taining a  higher  percentage.    The  grades  made  in  the  blast  furnace 
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contain  10  to  20  per  cent  sificon,  most  of  them  containing  less  than  15 
per  cent  silicon*  ITi^er  grades  can  not  be  produced  in  the  blast 
furnace  because  of  the  impossibility  of  obtaining  a  high  enough  tem- 
perature. Hie  wear  on  the  furnace  lining  is  great,  and  in  order  to 
maintain  the  high  temperature  necessary,  a  large  quantity  of  coke 
is  employed.  As  in  the  electric  furnace,  the  silicon  is  reduced  by 
soUd  carbon.  Reduction  is  said  to  be  more  easy  if  the  slag  is  low  in 
lime  and  high  in  alimoina — ^probably  because  die  silicon  does  not  have 
as  strong  an  afiSnity  for  alimoina  as  for  lime.  The  charge  used  in  the 
blast  furnace  may  consist  of  siliceous  iron  ore,  hammer  scale,  and 
coke,  a  hot  blast  being  used.  Gin  gives  as  a  charge:  turnings  1,000 
parts,  quartz  410  parts,  and  coke  940  parts.^ 

In  small  furnaces  the  production  is  30  to  40  tons  per  day,  and 
with  the  large  furnaces  80  to  100  tons  per  day.  The  blast-furnace 
operation  of  making  f errosihcon  is  similar  to  making  pig  iron,  except 
that,  owing  to  the  highly  siliceous  slags,  the  steady  operation  of  the 
furnace  is  more  difficult.  A  small  amount  of  blast-furnace  f errosilicon 
is  imported,  but  most  of  it  is  produced  here. 

MANX77ACTX7BE  OF  FEBBOSUJCON  IN  THE  ELECTRIC  FURNACE. 

RAW  MATERIALS  USED. 

There  are  two  general  kinds  of  charge  used  in  the  manufacture  of 
ferrosilicon  in  the  electric  furnace.  The  charge  may  consist  of 
wrought  iron,  cast  iron  or  steel  turnings,  quartz  or  sand,  and  charcoal, 
coal,  or  coke;  or  siliceous  iron  ore,  quartz  or  sand,  and  charcoal,  coal, 
or  coke  may  be  used.  The  choice  of  the  source  of  iron  depends  chiefly 
on  the  material  available.  Iron  in  the  form  of  turnings  of  some  sort 
IB  more  commonly  used  than  iron  ore,  because,  as  has  already  been 
mentioned,  it  consumes  much  less  power — 68  per  cent  of  the  amoimt 
used  for  a  30  per  cent  alloy  with  iron  ore,  and  82  per  cent  for  the  50 
per  cent  product.  The  operation  of  a  ferrosilicon  furnace  operating 
on  turnings  is  much  steadier  and  requires  less  attention  because  there 
is  not  as  much  slag  formed  as  in  the  ore  process.  The  purer  the  raw 
materials  the  purer  is  the  product  obtained.  For  this  reason  wrought 
iron  or  steel  turnings  are  preferable  to  cast-iron  borings  and  are  used 
by  most  works.  At  the  Girod  plant,  at  Ugine,  the  average  composi- 
tion of  the  iron  turnings  used  is  0.4  to  0.5  per  cent  carbon,  0.16  to  0.26 
per  cent  silicon,  0.5  to  0.7  per  cent  manganese,  0.6  to  0.9  per  cent 
sulphur,  and  0.08  to  0.10  per  cent  phosphorus.  Cast-iron  turnings 
contain  as  high  as  0.5  to  0.8  per  cent  phosphorus.  At  works  at 
Bozel,  France,  steel  or  wrought-iron  turnings  containing  less  than  0.3 
per  cent  phosphorus  are  used.  Another  French  company,  at  livet, 
uses  steel  turnings  containing  less  than  0.10  per  cent  phosphorus. 

a  CanrBd,  W.,  and  Pick,  W.,  Die  HersteUimg  voo  Hoohproientlgem  FerrosUUhim  imelektrischsi  OliBO, 
1900.    Rey.  de  M^taUuigie,  vol  9, 1912  p.  362. 
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The  St.  Marcel,  France,  works  of  the  Soci6t6  d'Industrie  Electro- 
Chimiques  La  Voltes  use  steel  shavings  for  30  per  cent  f errosilicon,  and 
iron  ore  96  per  cent  FejO,  for  the  50  per  cent  grade.  At  Eanawha 
Falls,  W.  Va.,  iron  ore  is  used  in  the  production  of  30  per  cent  f  erro- 
silicon.^ The  ore  contains  62.34  p^r  cent  iron,  7.93  per  cent  SiO,, 
0.09  per  cent  MgO,  0.72  per  cent  CaO,  0.4  per  cent  phosphorus,  and  a 
trace  of  sulphur.  Gin  in  some  experiments  used  a  highly  siliceous** 
iron  ore  containing  59.2  per  cent  Fe^Oj,  2.1  per  cent  MnO,  24.6  per 
cent  SiO,  in  producing  a  50  per  cent  ferrosilicon.** 

For  the  supplying  of  silicon  in  the  charge,  quartzite  is  preferable  to 
sand  because  it  is  more  nearly  pure,  and  hence  does  not  cause  the 
formation  of  as  much  slag,  which  clogs  the  furnace.  Also,  the  fine 
state  of  the  sand  seems  to  cause  less  regular  operation  of  the  furnace. 
The  quartzite  is  usually  crushed  to  about  2-inch  size.  At  the  Bozel 
plant  mentioned  above,  the  quartzite  charged  contains  95  per  cent 
SiO„  4  per  cent  Al^Oj,  and  traces  of  calciimi  and  phosphorus.  The 
Girod  works  use  quartzite  containing  92  per  cent  SiO,  and  traces  of 
phosphorus  and  sulphur.  At  St.  Marcel  the  quartzite  has  98  per  cent 
SiOj,  and  a  trace  of  MgO. 

Whether  charcoal,  coke,  or  coal  is  used  depends  largely  upon  the 
cost  of  those  materials  in  the  district  where  a  given  plant  is  located. 
As  the  materials  are  used  only  as  reducing  agents  and  as,  because  of 
the  absence  of  a  shaft,  no  strength  is  necessary  to  support  the  charge 
in  the  f errosilicon  furnaces,  the  cheapest  reducing  material  available 
is  used.  In  France  the  works  are  all  situated  in  the  moimtain  dis- 
tricts where  transportation  costs  are  high,  so  that  the  local  anthracite 
coal  is  largely  employed.  Most  of  such  coal  is  rather  high  in  ash,  and 
when  grades  of  f errosiUcon  containing  75  per  cent  or  more  silicon  are 
being  manufactured  it  is  customary  to  employ  charcoal  to  avoid  slag 
in  the  furnace.  The  slag  increases  the  difi^culties  of  operation  con- 
siderably in  the  production  of  high-grade  f  errosilicon  and  also  increases 
the  furnace  impiuities  that  would  pass  into  the  product.  At  the 
Girod  plant  in  Ugine,  coal  guaranteed  not  to  average  more  than  8  per 
cent  ash  or  more  than  0.005  per  cent  phosphorus  or  sulphur  is  used. 
The  St.  Marcel  works  employ  gas  coke  for  the  production  of  50  per  cent 
grades,  and  a  cheaper  anthracite  coal  for  the  25  per  cent  alloy  or  other 
low  grades.  A  French  company  at  Livet  uses  anthracite  coal  con- 
taining 7  per  cent  ash,  0.013  per  cent  phosphorus,  0.41  per  cent  sul- 
phur, and  no  arsenic.  At  Bozel  for  the  lower  percentage  alloys — 50 
per  cent  or  less — anthracite  coal  containing  20  per  cent  ash  is  charged, 
but  in  the  manufacture  of  the  80  per  cent  grade,  charcoal  is  employed. 
In  Norway  and  Sweden,  where  most  of  the  ferrosUicon  works  are  on 
tidewater  or  on  acanal,  anthracite  coal  of  a  high  grade  is  generally  used. 

a  Sohoel,  O.  P.,  Manufacture  of  ferro-aUoys  in  the  electric  furnace:  Electrochem,  Ind.,  vol.  2, 1904,  p.  396. 
t»Schoel.  Q.  P.,  loooit. 
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In  almost  all  plants  the  purest  raw  matmak  available  are 
for  making  ferrosUicon.  As  already  mentioned,  the  introduction  of 
slag-forming  matmak  into  the  diarge  is  thus  prerented,  and  the 
presence  of  objectionable  impurities  such  as  phosphorus  and  su^diur 
in  the  product  is  avoided.  With  raw  materials  containing  bases 
the  silica  intended  for  the  product  comUnes  with  the  bases  to  form 
slag  with  such  a  high  percentage  of  silica  as  to  be  Yerj  sticky,  so  that 
the  pieces  can  be  removed  from  the  furnace  onty  by  fishmg  Uiem 
out  as  they  work  to  the  surface  ut>und  Uie  electrode,  although  some 
of  the  slag  may  be  tapped  with  the  ferrosilicon.  Owing  to  the 
stron^y  reducing  nature  of  the  process  most  of  the  phosphorus  and 
sulphur  charged  goes  into  the  metaL  The  sulphur,  howeyer,  is 
slagged  to  a  small  extent. 

CHABACTEB  OF  FESB08ILIC0N  PLANTS. 


Ferrosilicon  plants  are  arranged  and  use  the  same  general  types 
of  furnaces  as  have  already  been  described.  The  Meraker,  Ugine, 
and  liyet  works  may  be  considered  as  typicaL  Conrad  and  Pick  ' 
hare  made  a  design  of  a  works  using  2,000  kilowatts,  as  shown  in 
figures  56  and  56.  There  are  two  three-phase  furnaces,  each  of 
2,000  kilowatts  capacity.  Only  one  is  operated  at  a  time,  the  others 
being  held  in  reserve.  Each  furnace  has  its  own  three  transformers 
connected  each  to  a  phase  in  delta  connection.  Hie  quartz  is  hauled 
up  an  incline  to  a  crusher  above,  from  which  it  falls  into  bins  below. 
From  the  bins  it  is  drawn  into  a  car  mixed  with  turnings  and  coal 
and  raised  on  an  elevator  to  the  charging  floor  of  the  furnace.  Hie 
general  arrangement  of  the  works  is  similar  to  that  of  other  works. 
The  total  space  occupied  by  the  plant  is  162,000  square  feet  distrib- 
uted as  follows  : 

Sqntnfeet. 

Electric  fumacee 12,950 

Tranflfonnera 6, 470 

PAcking  room 4,850 

Betting  up  of  electrodes 3,240 

CruBhingand  mixing S,470 

Repair  room 2, 580 

Coal  room 12,»50 

TumingB  store 3,240 

Quarto  store 32,400 

Finished  product  room 6, 470 

Toolroom 3,240 

Oflke,  laboratory 4,850 

Yaid,  Hacks 64,800 

182,000 

•  ConnMl,  W.,  and  Ptok.  W.,  Die  HenteUanf  roa  Hoohpronotiteii  Fwroiaisliim  Im  «UktrMMa  Otai, 
19Q0.    Ber.  <)e  Mdtelhirile,  YoL  9, 1913,  p.  am. 
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PRACTICE. 


METHOD  OF  CHABOING. 


The  raw  materials  are  all  thoroughly  mixed  before  being  chained 
into  a  ferrosilicon  furnace.  Charging  may  be  from  the  tapping  floor 
by  a  man  shoveling  the  charge  into  the  top  of  the  furnace,  or  charg- 
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ing  may  be  from  a  floor  at  the  furnace  top,  the  usual  arrangement 
in  modem  works.  In  charging  the  material  is  placed  at  intervals 
around  the  electrodes,  so  that  the  top  of  the  furnace  never  contains 
molten  material  except  when  some  works  up  around  the  electrode. 
The  electrode  projects  about  1  foot  into  the  charge,  and  around  the 

47000^~BuU.  77—14 12 
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end  the  material  is  molten  and  maintains  a  space  of  a  fraction  of  an 
inch,  so  that  the  arc  is  maintained  in  the  gas  formed  in  the  space. 
The  arc  is  called  a  freebuming  arc.  By  this  method  there  is  a  lower 
power  consmnption  than  if  the  furnace  is  operated  as  a  resistance 
fmnace  entirely.  It  is  essential  that  the  top  of  the  furnace  be 
covered  with  immelted  material,  so  as  to  cause  less  electrode  and  raw- 
material  consmnption.  By  operation  with  a  covered  bed  of  fusion, 
the  silicon  which  is  volatilized  at  a  temperature  higher  than  2,000^ 
C.  is  condensed  in  the  upper  part  of  the  furnace.  The  immelted 
charge  also  causes  the  coal  consumption  to  be  lower.     In  producing 


SCCTION  C-0 
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SCCTION  A-B 

Figure  56.~Elevation  of  Conrad  and  Pick's  ferrosilioon  plant. 

50  per  cent  ferrosilicon  in  a  furnace  operated  with  an  imcovered  bed 
there  were  losses  of  53.7  per  cent  of  the  quartz  charged  and  43.5  per 
cent  coal  by  volatihzation  and  oxidation,**  as  compared  with  13.01 
per  cent  quartz  and  27.58  per  cent  coal  in  a  modern  furnace  working 
with  a  cold  top.  As  a  result  of  this  decrease  of  losses  the  efficiency  is 
much  increased.  In  the  furnace  operating  with  an  imcovered  bed  and 
making  50  per  cent  alloy  the  power  consumption  was  7.25  kilowatt- 
hours  per  poxmd,  or  16,350  kilowatt-hours  per  long  ton.  In  operation 
with  a  covered  bed  the  energy  used  was  3.16  kilowatt-hours  per  pound, 

a  Conrad,  W.,  and  Pick,  W.,  Die  Herstellung  vcm  Hooh];m>centlgen  Ferrosillsium  im  elektiisohen  Ofen, 
1909.    Rov.  de  M^tallurgle,  vol.  9, 1912,  p.  362. 
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or  7,100  kilowatt-hours  per  long  ton.  With  the  furnace  haying  an 
uncovered  bed  the  efficiency  was  25  per  cent,  and  with  the  furnace 
having  a  covered  bed  the  efficiency  was  57.28  per  cent.  The  low 
efficiency  of  the  furnace  with  an  imcovered  bed  was  not  due  entirely 
to  the  system  of  operation,  but  was  also  due  to  the  fact  that  the 
furnace  was  of  200  kilowatts  capacity,  as  compared  with  a  capacity 
of  1,500  kilowatts  for  the  furnace  with  the  covered  bed.  These 
examples  also  show  the  great  strides  made  in  the  improvement  of 
furnaces  and  of  operating  efficiency  in  the  10  years  from  1900  to  1910, 
as  the  small  furnace  was  one  of  the  first  to  be  built  and  the  larger 
one  of  modem  design. 

TAPPING. 

The  furnace  is  tapped  as  seldom  as  possible.  The  necessity  of 
tapping  is  indicated  by  the  irregularity  of  the  current  as  shown  by 
the  meters  and  the  irregular  blowing  of  gas  out  of  the  furnace,  also, 
when  the  metal  has  been  too  close  to  the  electrode  there  is  an  inter- 
mittent pounding  sound.  The  shortest  interval  is  about  two  hours. 
The  length  of  the  intervals  depends  upon  the  percentage  of  siheon 
in  the  product  and  the  size  of  the  furnace.  In  tapping,  an  iron  rod 
is  driven  into  the  tap  hole.  If  material  with  a  high  percentage  of 
silicon  is  being  made,  it  is  sometimes  necessary  to  attach  the  rod  to 
the  circuit  and  biun  out  the  hole  with  an  arc.  The  tap  hole  is 
plugged  with  fine  clay  or  some  similar  refractory  material. 

A  furnace  operating  steadily  in  making  f errosUicon  has  white  f lunes 
of  silicon  passing  off  at  the  top  with  carbon  monoxide  burning  to 
dioxide  around  the  electrodes.  In  some  laboratory  experiments  by 
the  writer,  the  condensed  fxunes  from  a  f errosilicon  furnace  contained 
67.69  per  cent  SiOj,  9.72  per  cent  AljOj,  4.11  per  cent  FeO,  0.20  per 
cent  MgO,  and  1.90  per  cent  CaO,  the  rest  probably  being  carbon. 

CHANOINO   ELECTRODES. 

When  it  is  necessary  to  shut  off  the  current  in  changing  an  electrode, 
if  the  shutdown  be  a  long  one,  bars  of  iron  are  stuck  down  through 
the  charge  to  make  contact  with  the  bottom  or  between  the  electrodes, 
so  as  to  avoid  difficulty  in  starting  up.  The  molten  charge  is  a  good 
conductor,  but  is  not  so  when  soUd. 

Electrodes  are  replaced  by  simply  swinging  one  in  over  the  furnace 
to  replace  the  holder  and  the  burnt  electrode  removed.  If  the  elec- 
trode has  a  tendency  to  rise  in  the  furnace  when  a  fixed  voltage  is 
being  maintained  by  hand  regulation  of  the  electrode,  quartz,  a 
relatively  poor  conductor,  is  charged  around  the  electrode,  so  that  it 
becomes  necessary  to  lower  the  electrode  to  maintain  the  current 
steadily.  If  the  reverse  is  the  case,  coal  is  added  to  put  in  a  good 
coiiductor  for  raising  it. 
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SLAO   FORICATION. 

Because  of  the  xise  of  pure  raw  materials,  comparatively  little  slag 
is  formed  in  a  ferrosilicon  furnace.  The  slag  formed  consists  of  sili- 
cates of  aluminum  and  lime  or  magnesia.  They  are  very  high  in  silica 
and  rather  infusible.  The  addition  of  more  basic  materials  to  make 
them  fusible  would  do  no  good,  because  it  would  simply  draw  more 
sihca  from  the  charge  and  increase  the  total  slag.  As  the  percentage 
of  siUcon  in  the  product  increases,  the  specific  gravity  of  the  product 
decreases,  so  that  it  is  difficult  to  obtain  separation  of  slag  and  metal 
if  the  slag  is  sticky.  In  the  manufacture  of  the  25  per  cent  alloy,  slag 
is  permissible,  with  a  sihcon  content  of  50  per  cent,  operation  is  dif- 
ficult and  with  higher  percentages  is  impossible  if  dag  is  present. 
As  a  rule,  these  slags  are  so  thick  that  they  are  not  tapped  but  boil 
up  around  the  electrode  and  are  removed  there.  The  results  of  some 
analyses**  are  as  follows: 

Per  oeot.  Per  oeat.  Per  cent. 

SiOa 68.86  67.60  79.25 

AljO, 13.80  19.63  9.04 

CaO 26.40  17.00  19.17 

Fe,0, .' 1.96  1.02  3.50 

The  ferrosUicon  is  tapped  into  cars  lined  with  sand  or  carbon.  It 
is  dumped  to  cool  and  broken  into  small  pieces  with  hammers  and 
weights.  In  tapping,  iron  must  be  kept  away  from  the  molten  ferro- 
siUcon  as  in  the  molten  condition  it  dissolves  iron  readily.  The 
product  is  usually  packed  in  100-kg.  (220-pound)  iron  drums  or  in 
kegs. 

RESULTS   OP  EARLY   OPERATIONS. 

In  the  early  operations  there  was  much  excess  raw  material  charged 
for  the  amount  of  product  produced.  In  a  small  200-kw.  furnace  of 
the  old  design,  the  following  charges  were  made:**  Twenty-five  per 
cent  product — 40  parts  quartz,  40  parts  iron,  20  parts  of  anthracite; 
50  per  cent  product — 58  parts  quartz,  13  parts  iron,  29  parts  anthra- 
cite; 70  per  cent  product — 66  parts  quartz,  and  34  parts  anthracite. 
The  coal  contained  20.71  per  cent  ash  (2  to  3  per  cent  SiO,),  71.29 
per  cent  carbon,  1.08  per  cent  hydrogen,  1.11  per  cent  water,  and  0.48 
per  cent  sulphur.  The  turnings  had  98  per  cent  iron.  The  quartz 
was  98.5  per  cent  SiOj,  and  0.5  per  cent  Fe,Oj.  For  a  50  per  cent 
ferrosilicon  the  following  charge  was  used  in  an  1,800-kw.  modem 
furnace  and  may  be  considered  as  representative  practice:  Fifty- 
four  parts  of  quartz,  20  parts  of  iron  turnings,  30  parts  of  charcoal. 
The  quartz  contained  95  per  cent  SiO,  and  3.9  per  cent  FejO,;  the  turn- 
ings, 98.5  per  cent  iron;  and  the  charcoal,  71.9  per  cent  carbon  and 
4  per  cent  ash. 

a  Conrad,  W.,  and  Pick,  W.,  Die  HereteUang  von  HoohproMntlgen  FerToslUsiam  in  eloktriKdiea  Oflon, 
1900.    Rev.  de  M^taUurgle,  vol.  9, 1912,  p.  302. 
b  Coorad,  W.,  and  Piok,  W.,  Loo.  dt. 
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POWER  CONSUMPTION. 


The  power  consumption  with  this  charge  was  7,100  kilowatt-hours 
per  long  ton  of  50  per  cent  ferrosilicon.  Of  the  total  energy  57.28 
per  cent  was  usefully  used,  8.61  per  cent  was  used  in  volatilizing  sili- 
con, and  0.23  per  cent  in  volatilizing  iron,  and  33.88  per  cent  was 
lost  by  induction,  radiation,  and  other  losses.  The  electrode  con- 
sumption dming  a  month  of  steady  operation  averaged  84  pounds 
per  long  ton  of  50  per  cent  product.  Amorphous-carbon  electrodes 
were  used. 

When  iron  turnings  are  used,  the  power  consumption  of  a  modern 
furnace  of  750  kilowatts  or  more  capacity  is  6,800  to  8,000  kilowatt- 
hours  per  ton  of  50  per  cent  ferrosiUcon,  and  about  3,500  to  4,000 
kilowatt-hours  for  the  25  to  30  per  cent  grade.  As  has  already  been 
noted  in  the  discussion  of  the  theory  of  power  consumption,  the 
power  consumption  is  considerably  higher  if  iron  ore  is  used  instead 
of  turnings.  With  the  ore  mentioned  on  page  165,  one  company  made 
28  per  cent  ferrosiUcon  with  a  power  consumption  of  5,930  kilowatt- 
hours  per  ton.** 

Louis  ^  estimates  the  power  consumption  in  the  production  of 
various  grades  of  ferrosilicon,  as  shown  in  the  table  below,  the  fig- 
ures being  based  on  a  7,500-kw.  plant  and  750-kw.  units: 

Power  consumption  in  ferrosilicon  manufacture. 


Raw  materials. 


Quartoito,  ooke,  iron  turnings 

Do 

Do 

Blag  and  coke 

Stag,  charcoal,  sand 

Do 

Do 

Quarts,  iron  ore,  coke,  or  anthracite 

Do 

Enrichment  of  25  per  cent 


Snioonin 
product. 


Power 
consump- 
tion per 
pound. 


PerettU. 
25 
50 
75 
25 
30 
35 
50 
26 
50 
50 


KUowatt- 

hOUTt. 

1.82 
3.64 
5.46 
1.82 
2.18 
2.54 
3.64 
2.18 
4.36 
4.36 


Power  consumption. 


Kilowatt' 
hourt. 
4,080 
8,160 
12,240 
4,080 
4,800 
5,600 
8,160 
4,890 
9,780 
9,780 


Kilowatt^ 
yean. 

a46 
.92 

1.38 
.46 
•  56 
.64 
.92 
.56 

1.12 

1.12 


WOBKHEN   REQUIBED. 

A  small  furnace  of  200  to  300  kw.  requires  one  man  for  charging. 
Two  men  for  six  furnaces  can  perform  the  remaining  duties,  such  as 
tapping  and  mixing  charges,  the  total  number  necessary  for  six 
furnaces,  being  eight  men.  A  large  furnace  of  2,000  to  3,000  kw.  can 
be  entirely  operated  by  five  men. 

•  Sohoel,  O.  P.,  Manufacture  of  ferro-alloys  in  the  electric  furnace:  Electrochem.  Ind.,  vol.  2, 1904,  p.  396. 
b  Louis,  J.,  La  fabrication  des  ferrosilicium  au  four  electrique:  Jour,  da  Four  Electrique  et  de  Lumitee, 
Oot.  1, 1010,  p.  415. 
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PRODUcrrs. 

Electric-fumace  ferrosilicon  is  produced  in  four  grades,  classified 
according  to  silicon  content,  which  is  as  follows  for  each  grade: 

Twenty-five  to  thirty  per  cent,  45  to  50  per  cent,  75  to  80  per  cent,  and 
90  to  95  per  cent.  The  selling  of  these  products  is  based  entirely 
upon  the  silicon  content,  because  the  carbon  content,  owing  to  its 
usual  low  percentage,  has  no  effect  upon  the  price,  as  in  other  alloys. 
The  current  prices  for  the  various  grades  are  given  in  the  table  on 
page  140.  Below  are  given  the  results  of  analyses  of  the  four  grades 
of  electric-fumace  ferrosiUcon: 

Results  of  analyses  of  four  grades  offerrosUioon.^ 


Constituent. 


Bilioon 

Iron. 

Manganese.. 
Ahuninum.. 
Macnesium. 

Carbon 

Sulphur 

Phosphorus. 


Cilioon  content. 


25  to  30 
peroent. 


30.60 
68.00 
.35 
.10 
.10 
.86 
.03 
.04 


45  to  60 
percent. 


49.60 
40.00 
.30 
.15 
.15 
.30 
.015 
.03 


75  to  80 
ptfoent. 


78.00 

ao.oo 

.35 

.10 

.30 

.30 

.015 

.03 


90  to  96 
percent. 


88.60 
9.30 
.15 
.15 
.30 
.35 
.016 


a  Oirod,  P.,  Studies  on  the  electrometallurgy  of  ferro-alloys  and  steels:  Trans.  Faraday  Boo.,  vol.  6, 
1911,  p.  173. 

In  spite  of  the  agitation  against  the  manufacture  of  ferrosilicon 
containing  between  38  and  65  percent  silicon  because  of  the  poisonous 
gases  that  are  claimed  to  be  given  off,  this  grade  is  the  one  most 
largely  made.  Moreover,  many  persons  beUeve  that  the  gases  can  be 
eliminated  if  the  ferrosilicon  is  made  from  pure  materials. 

PACKING   AND  TRANSPORTATION  OF  FERROSILICON. 

Details  on  the  packing  of  ferrosiUcon  in  Sweden  have  recently  been 
obtained  by  the  Department  of  Labor.**  The  OuUspangs  Elektro- 
kemiska  Aktiebalag  use  iron-boimd  wooden  cases  in  two  sizes,  one 
for  the  50  per  cent  product  containing  130  kilograms  (287  poimds), 
and  one  for  the  75  per  cent  product  containing  160  kilograms  (353 
pounds).  The  cases  are  unUned  but  are  made  of  rabbeted  boards. 
Recently  the  practice  of  packing  the  ferrosilicon  in  sheet-metal  cyBn 
ders  or  drums  containing  170  kilograms  (375  pounds)  was  begun. 
The  drums  have  four  holes  of  about  i-inch  diameter  in  the  top  to 
prevent  excessive  gas  pressure. 

The  Aktiebolaget  Heroults  Elektriska  Stal  until  recently  packed 
ferrosilicon  in  old  wooden  oil  barrels.    Now  the  company  has  adopted 


a  Anon.,  Packing  and  transport  of  ferrosHioon  in  Sweden:  Het.  and  Cbem.  Eng.,  vol.  11, 1913,  p.  87. 
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sheet-iron  barrels  with  wooden  heads.    The  barrels  hold  300  kilo- 
grams (660  pounds). 

The  r^ulations  for  transportation  differ  widely.  In  Germany 
water-tight  packing  is  required.  As  a  result,  f errosilicon  is  packed  in 
barrels  that  are  both  water  and  gas  tight.  Some  English  railroads 
require  that  each  package  must  have  three  1-inch  holes  to  permit 
the  escape  of  gases.  For  safe  transportation  uniform  regulations 
should  be  enforced  by  all  countries. 


COST  OF   MANUFACTURE. 

The  cost  of  manufacture  of  ferrosilicon  depends  more  upon  the 
price  of  electric  power  than  upon  any  other  item.  This  is  because 
of  the  lai^e  amount  of  power  necessary  and  the  low  cost  of  the  raw 
materials  composing  the  charge.  Consequently  a  large  part  of  the 
electric-furnace  ferrosilicon  used  in  the  United  States  is  imported 
from  Europe  and  Canada.  Of  plants  engaged  in  the  manufacture  of 
ferrosilicon  the  writer  found  none  in  which  the  power  cost  was  over 
$20  per  kilowatt-year  and  the  average  was  about  $13  per  kilowatt- 
year. 

An  estimate  of  the  cost  of  production  of  50  per  cent  ferrosilicon 
is  given  in  the  table  below.  The  calculations  are  on  the  basis  of  two 
2,000-kilowatt  furnaces,  one  operating  and  the  other  kept  in  reserve. 
The  Norwegian  plant  is  within  60  miles,  the  French  plant  within  200 
miles,  and  the  American  works  assumed  to  be  within  100  miles  of  sea- 
board. Labor  conditions  are  considered  to  be  as  found  in  the  various 
countries. 

Cost  of  production  of  50  per  cent  ferrosilicon  per  ton  {2,240  pounds). 


Norway. 

Fiance. 

United  States. 

Item. 

Cost  of 

imit. 

Total 
cost. 

Cost  of 
unit. 

Total 
cost. 

Cost  of 
unit. 

Total 
cost. 

l.lTOTwandsof fr«n. ..  --    - -- 

$14.00 

2.00 

8.00 

.04 

8.30 

al 

$7.30 
2.46 
5.30 
2.00 
6.02 

10.00 
6.00 

2.00 
1.20 
4.00 

$14.00 

2.00 

6.00 

.03 

18.66 

a.  80 

$7.30 
2.46 
3.95 
1.50 

15.00 
8.00 
5.00 

2.00 
1.20 
4.00 

$8.00 

2.00 

5.00 

.04 

26.66 

al.60 

$4.17 

2.750  pounds  of  Quarti 

2.46 

1.470  Dounds  of  coal 

3.30 

60  pmipds  of  electrrtd«-s . , - . 

2.00 

0.8  Kilowatt-year 

21.30 

Labor,  salaries 

15.00 

Reoairs  and  maintenance 

5.00 

Amortization  and  depreciation  5  per  cent 
each 

2.00 

TntArnst  nn  i.sn.ono  at  ft  per  cent  ^  -  - 

1.20 

Qeneral  and  packtne ,,,.,.... 

4.00 

Total..... 

45.88 

50.41 

60.43 

a  Minimum  for  eight  hours. 


The  electrode  consumption  is  based  upon  the  use  of  electrodes 
threaded  for  continuous  feeding,  a  practice  not  now  universally  fol- 
lowed in  ferro-alloy  plants.    The  figures  indicate  that  it  costs  $14.55 
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or  31.7  per  cent  more  to  manufacture  50  per  cent  ferrosilicon  in  the 
United  States  than  in  Norway.  This  difference  may  be  considered 
as  due  largely  to  the  price  of  power.  The  difference  in  the  total  cost 
of  power  in  Norway  and  the  United  States  for  a  ton  of  50  per  cent 
ferrosilicon  is  $14.68  per  ton.  Labor  is  also  lower,  but  this  is  offset  by 
the  higher  cost  of  raw  materials  abroad.  The  duty  on  ferrosilicon 
under  the  Underwood  bill  is  15  per  cent  ad  valorem.  The  selling 
price  of  50  per  cent  ferrosilicon  f .  o.  b.  Pittsbui^h,  Pa.,  is  $70  to  $76 
per  long  ton. 

USES. 

The  chief  use  for  ferrosilicon  is  for  the  deoxidation  of  steel  by  the 
formation  of  silica  or  silicates  with  any  free  oxygen  or  oxides,  the 
silica  or  silicates  thus  formed  passing  into  the  slag.  A  considerable 
amount  is  used  for  making  fixed  additions  to  steel.  The  grade 
containing  25  to  30  per  cent  silicon  is  used  as  a  substitute  for  blast- 
furnace grades  containing  10  to  12  per  cent  Silicon.  It  is  especially 
useful  for  direct  addition  to  the  open-hearth  furnace,  the  cupola,  or 
the  converter,  but  may  be  added  in  the  ladle.  It  is  compact,  in 
large  pieces,  and  of  sufficient  specific  gravity  to  sink  readily  in  the 
bath.  It  reacts  more  energetically  than  does  the  alloy  with  the 
lower  percentage  of  silicon  and  the  quantities  employed  need  not  be 
so  lai^e.    This  grade  is  used  chiefly  for  fixed  additions  of  silicon. 

Ferrosilicon  that  has  45  to  50  per  cent  silicon  is  particularly 
employed  for  deoxidation.  It  reacts  Uke  the  25  to  30  per  cent  alloy 
but  more  energetically,  and  is  used  when  the  greater  specific  gravity 
of  the  latter  is  not  essential.  It  has  a  lower  fusion  point  than  the 
lower  grade.  It  is  subject  to  disintegration  and  is  the  only  grade 
from  which  poisonous  gases  have  been  known  to  emanate.  It  is  used 
in  greater  quantity  than  any  of  the  other  grades. 

The  grade  containing  75  per  cent  silicon  is  employed  for  additions 
to  ordinary  castings.  It  can  be  used  to  modify  a  casting  so  as  to 
obtain  either  a  white  or  a  gray  casting  by  addition  to  the  casting 
ladle.  For  a  fixed  addition  in  the  production  of  silicon  steels,  such  as 
transformer  steel,  75  to  90  per  cent  ferrosilicon  is  employed. 

Hadfield  ^  developed  silicon  steel  containing  1  to  5  per  cent  silicon, 
but  the  usual  grade  contains  2.75  per  cent  silicon  with  the  smaDest 
possible  amounts  of  carbon,  manganese,  and  other  impurities.  After 
a  double-heating  treatment  this  steel  has  a  higher  magnetic  permea- 
bility than  the  purest  iron,  but  also,  as  is  characteristic  of  silicon 
steels,  has  a  high  electrical  resistance.  As  a  result  of  its  high  per- 
meability, it  has  a  low  hysteresis  loss,  and  is  the  most  desirable 
material  known  for  use  in  electrical  generating  machinery. 

a  Stoufhton,  B.,  The  metaUorgy  of  iroo  and  steel,  1913,  p.  46ft. 
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AIiIiOYS  OP  IRON  AND  SIUCON  WITH  OTHER  EliEMENTS. 

For  the  use  of  foundries  several  alloys  have  been  manufactured, 
such  as  ferrosilicomanganese-alununum,  ferrosilico-aluminum,  and 
silicocalcium-aluminum.  These  alloys  are  mtended  for  use  as  rapid 
deoxidizmg  and  refining  agents,  and  form  easily  fusible  silicate  slags 
of  the  other  elements,  which  rise  to  the  surface  of  the  bath,  as  they  are 
of  low  specific  gravity.  These  alloys  are  too  expensive  for  use  in  the 
large-scale  production  of  ordinary  steel. 

FerrosiUcomanganese-aluminum  is  made  in  two  grades,  one  con- 
taining 18  to  20  per  cent  silicon,  18  to  22  per  cent  manganese,  and  9  to 
12  per  cent  aluminum;  and  the  other  containing  9  to  11  per  cent 
silicon,  9  to  11  per  cent*  manganese,  and  4.5  to  6  per  cent  aluminum, 
the  rest  in  both  grades  being  iron  and  carbon.  The  alloy  is  made  by 
melting  ferrosilicon-manganese  and  aluminum  together.  It  is  added 
in  the  ladle  or  molds,  or  in  the  furnace  itself.  It  is  used  largely  for 
cast  steel,  when  the  steel  is  cast  directly  into  molds. 

Another  similar  alloy  is  ferrosiUco-aluminum,  containing  about  45 
per  cent  silicon  and  12  to  15  per  cent  aluminum,  the  rest  being  iron 
and  carbon.  It  is  made  by  alloying  ferrosilicon  and  aluminum  in  the 
electric  fiunace.  This  alloy  is  intended  for  deoxidizing  purposes. 
It  is  added  in  the  electric  steel  furnace  just  after  removal  of  the  oxidiz- 
ing slag.  The  alloy  is  in  powder  form  and  is  also  used  in  the  tapping 
ladle  for  removing  oxides.  Sometimes  it  is  added  to  the  ingot  molds. 
The  electric  furnace  is  the  only  furnace  to  which  it  is  added  for  the 
manufacture  of  steel,  because  in  the  open  hearth  or  converter  there 
is  great  loss  of  the  alloy.  FerrosiUco-aluminum  has  not  the  reducing 
power  of  aluminum,  but  it  is  sufficient  for  the  removal  of  most  oxides. 

Ferrosilicocalcium-aluminum  is  an  electric-furnace  product  con- 
taining 50  to  55  per  cent  sUicon,  18  to  22  percent  calcium,  12  to  15 
per  cent  iron,  4  to  5  per  cent  aluminum,  1  to  1.25  per  cent  carbon,  0.35 
per  cent  magnesium,  0.22  per  cent  manganese,  0.075  per  cent  sulphur 
and  0.03  per  cent  phosphorus.  It  is  a  strong  deoxidizer  and  desul- 
phurizer,  and  gives  highly  fluid  slags.  It  is  added  in  the  electric 
furnace  after  the  removal  of  the  oxidizing  slag.  It  can  be  added  in 
the  casting  ladles,  crucibles,  or  molds.  Because  of  its  high  cost,  its 
use  is  restricted  to  the  manufacture  of  high-class  steels. 

PERROTITANIUM. 

Ferrotitanium  has  been  developed  for  use  in  steel  manufacture  since 
the  introduction  of  the  electric  furnace  for  ferro-alloy  production  in 
1900.  In  1892  Rossi  obtained  a  patent  on  the  reduction  of  titan- 
iferous  ores  in  the  blast  furnace.  Later  he  attempted  to  make  a 
ferrotitanium  in  the  blast  furnace  and  crucible  but  could  not  obtain 
a  product  with  a  high  percentage  of  titanium.    Subsequent  experi- 
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mental  work  in  the  electric  furnace  resulted  in  the  commercial  estab- 
lishment of  the  manufacture  of  f errotitanium  for  steel  making.  For- 
eign manufacturers  of  ferro-alloys  produced  ferrotitanium  on  a  small 
scale  in  the  electric  furnace.  A  considerable  amount  is  made  by  the 
Goldschmidt  thermit  process.  This  grade  is  carbon  free  but  contains 
as  high  as  5  per  cent  of  aluminum,  and  is  more  expensive  than  the 
electric-furnace  product. 

All  ferrotitanium  now  produced  is  manufactured  either  by  reduction 
of  ores  with  carbon  in  the  electric  furnace  or  by  the  Goldschmidt 
thermit  process,  most  of  it  being  made  in  the  electric  furnace.  No 
other  process  gives  a  high  enough  temperatiu^,  2,000*^  C,  or  over, 
for  reduction  of  titanium  from  the  oxide.  La  Rossi's  first  patent « 
on  ferrotitanium,  he  specifies  the  reduction  of  titaniferous  ores  and 
rutUe  with  carbon  in  an  electric-resistance  furnace  to  produce  an  alloy 
containing  more  than  5  per  cent  titanium  and  some  carbon.  The 
reduction  is  performed  over  a  bath  of  molten  iron.  Another  patent,  * 
granted  the  same  date,  covers  the  use  of  titaniferous  slag  in  the  same 
maimer.  In  1900  he  produced  a  patent*  on  the  reduction  of  titanium 
ores  by  the  addition  of  ores  to  a  bath  of  molten  reducing  metal,  such 
as  aluminum,  in  the  electric  furnace.  In  1901  Rossi  ^  was  granted 
a  patent  on  a  process  for  the  concentration  of  titanium  in  slag  by 
reducing  the  iron  and  silicon  of  a  titaniferous  ore  with  carbon  at  a 
temperature  lower  than  the  reducing  point  of  titanium  oxide. 

Ferrotitanium  is  manufactured  commercially  at  one  plant  in  a 
Siemen's  type  of  electric  furnace  of  about  500  kw.  capacity.  A 
molten  bath  of  iron  from  scrap  iron  or  steel  is  first  formed  in  the  bot- 
tom of  the  furnace.  Titaniferous  ore,  titaniferous  slag,  or  rutile,  is 
then  mixed  with  carbon  in  the  proper  proportion,  charged  on  the 
molten  bath,  and  reduced  in  the  arc.  The  product  is  tapped  off  and 
broken  up  for  packing.  If  the  slag  is  high  in  titanium  it  is  run  back 
through  the  fiunace.  The  titaniferous  ore  contains  34.36  per  cent 
TiOj,  60.53  per  cent  FeO,  4.14  per  cent  SiOj,  and  2.20  per  cent  AlaO,. 
The  product  obtained  from  this  reduction  without  any  refining  con- 
tains 10  to  15  per  cent  titanium,  5  to  8  per  cent  carbon,  and  0.35  to 
1  per  cent  silicon.  By  refining  this  alloy,  with  rutile  as  a  decarbur- 
izer,  an  alloy  is  made  that  has  10  to  15  per  cent  titanium,  less  than 
1.0  per  cent  carbon,  and  0.35  to  1  per  cent  silicon.  In  a  later  patent,^ 
in  order  to  reduce  the  volatization  loss  of  titanium,  Rossi  specifies 
the  charging  of  Ume  on  the  molten  iron  bath,  followed  by  a  charge 
of  titanic  acid,  Ume,  and  carbon,  when  reduction  takes  place  accord- 
ing to  the  following  reaction: 

CaO-fTiOa-h5C=Ca02+Ti+30O 

•  U.S.  pfttflDt  No.  000466,  August  23, 1898.  «l  U.  8.  patent  No.  6682M.  Febniary  19, 190L 

»  U.  8.  patent  No.  609467,  August  23, 1898.  <  U.  8.  patent  No.  1019528,  March  5, 1912. 

•U.  8.  patent  No.  648439.  liay  1, 1900. 
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The  titanium  sinks  througli  the  lime  slag  to  the  iron,  and  the  reduo 
ing  cover  of  calcium  carbide  protects  the  bath  from  oxidation.  Be- 
cause of  its  cost  rutile  (TiOj)  is  not  so  extensively  used  in  the  man- 
ufacture of  ferrotitanium  as  a  titaniferous  ore.  Rutile  sells  for  $100 
to  S150  per  short  ton. 

The  presence  of  carbides  in  electric-furnace  ferrotitaniimi  have 
been  claimed  to  prevent  its  ready  solution  in  steel,  so  that  it  woidd 
not  do  the  work  of  carbon-free  ferrotitanium.  However,  there  does 
not  appear  to  be  over  0.25  per  cent  of  combined  carbon  in  the  alloy 
containmg  9  per  cent  carbon.  The  remainmg  carbon  is  present  as 
graphite  and  on  addition  of  the  ferrotitanium  to  the  steel  bath  part 
of  the  carbon  combines  with  the  steel  to  form  carbides  and  the  rest 
rises  to  the  surface  and  is  lost  in  the  slag. 

Ferrotitanium  is  added  to  steel  and  cast-iron  baths  for  the  purpose 
of  final  deoxidation  of  the  metal  and  its  impurities,  following  the 
usual  treatment  for  this  object  by  means  of  manganese  and  silicon. " 
Titanium  has  a  strong  affinity  for  oxygen  and  also  seems  to  cause 
occluded  or  oxidized  substances  in  the  steel  bath  to  separate  readily. 
The  resulting  iron  or  steel  is  tougher  and  stror^er  after  treatment. 
The  alloy  is  added  in  the  ladle  into  which  the  product  of  either  the 
open-hearth  furnace  or  the  converter  is  being  poured.  It  should  be 
added  last  after  carburizing  and  other  alloys  have  been  used,  or 
much  will  be  wasted.  Too  much  slag  should  not  be  present,  as  titar 
nium  acts  energetically  with  the  slag.  Ferrotitanium  should  never 
be  preheated  before  being  added  or  used  in  conjunction  with  alumi- 
num.   Little  ferrotitanium  is  used  for  fixed  addition  to  steel. 

BI/BCTRIC    SMELTING    OF    TUNGSTEN    ORES    AND    THE 

PRODUCTION  OF  FERROTUNGSTEN. 

HISTORY. 

Ferrotungsten  with  a  low  percentage  of  tungsten  was  made  by 
Berthier  in  1834.  Caron  studied  iron  tungsten  alloys  in  1868  and 
determined  that  the  hardness  increased  the  percentage  of  tungsten. 
In  1866  Biermann  made  some  ferrotungsten  from  tui^ten  trioxide 
and  iron  in  the  crucible.  This  method  was  used  up  to  the  introduc- 
tion of  the  electric  furnace  in  1900,  since  which  time  most  of  the  ferro- 
timgsten  has  been  made  in  the  electric  furnace,  although  small 
quantities,  containing  less  than  60  per  cent  tungsten,  are  still  manu- 
factured in  the  crucible.  The  crucible  product  is  made  by  the 
reduction  of  tungsten  trioxide  with  carbon.  In  electric-furnace 
methods  raw  ores  or  concentrates  are  reduced. 

a  Stoughton,  B.,  The  metallurgy  of  iron  and  steel,  1006,  p.  160. 
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EXPBBIMBNTS  OF  STASSAKO. 

Stassano^  conducted  experiments  on  the  manufacture  of  ferro- 
tungsten  from  wolframite  concentrates  in  a  75-kw.  electric  furnace; 
with  charcoal  as  a  reducing  agent.  The  concentrates,  charcoal,  and 
lime  were  crushed  and  briquetted  with  a  25  per  cent  solution  of 
sodium  silicate  as  a  binder.  Theoretically  the  ferrotungsten  should 
have  contained  71.5  per  cent  tungsten,  20.6  per  cent  iron,  7.1  per 
cent  manganese,  and  1  per  cent  silicon.  The  results  of  Stassano's 
experiments  are  tabulated  below: 

Constitaent  of  ore  charged :  Per  cent. 

WO, 69.8 

SiOj 1 '. 2.0 

FeO 20.6 

MnO 7.3 

S 2 

P Trace. 

Constitaent  of  chaige:  Parts. 

Wolframite 1, 000 

Charcoal 190 

Lime 40 

Mn^SiO, 80 

ComponHon  of  products  of  three  experiments. 


Proportion  in  expflrimcnt  No.  — 

1 

2 

3 

w 

Percent. 
58.00 
2.40 
3.  in 

1.244 
Trace. 
Tnos. 

Percent. 

65.  M 
2.082 
3.50 
1.02 

Trace. 

Trace. 

Percent. 
00.78 

c 

2.50 

Ifn 

3.00 

81 

1.30 

p 

Trace. 

8 

Trace. 

KilowEtt^KXirs  per  pound  of  product 

2.73 
.62 

2.05 

3.00 

KQowEtt-yean  per  ton  (2/100  pounds)  of  product 

.78 

The  average  energy  consumption  was  3  kilowatt-hours  per  pound, 
or  0.68  kilowatt-year  per  ton.  These  experiments  showed  the  possi- 
bility of  reducing  wolframite  with  carbon  in  the  electric  furnace,  but 
did  not  show  where  the  loss  in  tungsten  occurred.  It  is  not  apparent 
whether  the  low  tungsten  content  was  the  result  of  slag  losses  or  the 
presence  in  the  furnace  of  some  unnoted  iron  which  diluted  the 
alloy. 

EXPBBIMBNTS  WITH  COLOBADO  FBBBBBTTB. 

In  1911  the  writer  performed  some  experiments  on  the  reduction 
of  ferberite  with  carbon  to  produce  ferrotungsten  in  the  electric  fur- 

•  Staseano,  B.,  TreatnMot  of  iron  and  ateel  In  the  electric  fumaoe.-  Bleetroofacm.  and  Met  Ind.,  toI.  0, 
lOQB,  p.  316. 
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nace.^  The  furnace  was  one  described  herein  in  the  discussion  of  the 
production  of  ferrochrome.  Analyses  of  the  coke  and  lime  employed 
are  given  in  the  table  on  page  128.  Pure  calcium  fluoride  was  used. 
The  iron  ore  contained  94.9  per  cent  FcjOj,  4.10  per  cent  SiOj,  0.79 
per  cent  CaO,  1 .46  per  cent  AlaO,,  0.05  per  cent  P,  and  0.03  per  cant  S. 
Ferberite  concentrates  from  Boulder  Coimty,  Colo,,  of  the  following 
composition  were  obtained:  58.72  per  cent  WO,  (46.6  per  cent 
tungsten),  30.08  per  cent  FeO  (23.4  per  cent  iron),  2.55  per  cent  MnO 
(0.84  per  cent  manganese),  4.86  per  cent  SiOj,  3.46  per  cent  CaO,  0.34 
per  cent  P,  and  0.20  per  cent  S. 

In  each  experiment  a  decarburizing  slag  of  iron  ore,  lime,  and  fluor- 
spar was  added  to  the  furnace  when  reduction  of  the  charge  had  been 
completed  and  allowed  to  act  for  10  to  20  minutes.  It  was  tapped 
from  the  furnace  with  the  ferrotungsten  and  the  slag  from  reduction. 

As  shown  in  the  table  following,  the  alloys  obtained,  with  two 
exceptions,  were  somewhat  lower  in  timgsten  than  had  been  calcu- 
lated. This  was  the  result  of  three  causes:  First,  the  presence  in  the 
furnace  of  iron  due  to  hanging  of  a  previous  run  with  iron  ore;  sec- 
ond, the  loss  of  timgsten  in  the  slag;  and,  third,  the  iron  reduced  from 
the  decarburizing  slag.  The  carbon  content  of  all  of  the  alloys  was 
low  for  f errotimgsten,  a  condition  clearly  assisted  considerably  by 
the  use  of  the  decarburizing  slag  of  iron  oxide  and  lime.  It  was 
manifest  that  with  a  longer  decarburization  period  the  carbon  in  the 
alloy  could  have  been  reduced  still  further.  The  greater  part  of  the 
manganese  in  the  charge  was  either  slagged  or  volatilized.  The  per- 
centage of  silicon  was  high  in  some  of  the  products,  but  much  lower 
when  there  was  no  iron  ore  in  the  charge.  Phosphorus  and  sulphm: 
were  easily  slagged  in  spite  of  a  high  percentage  of  both  in  the  ore. 
The  slags  contained  4.66  to  8.64  per  cent  timgsten  oxide  (or  3.7  to 
6.8  per  cent  tungsten),  and  ferrous  oxide  in  about  the  same  per- 
centage. 

The  commercial  ferrotimgsten  from  the  electric  furnace  contains 
50  to  80  per  cent  timgsten  and  0.5  to  4  per  cent  carbon. 

During  the  experiments  32  poimds  of  ferrotimgsten  was  made,  or 
an  extraction  of  83.8  per  cent.  The  electrode  consumption  for  the 
two  experiments  in  which  it  was  determined  averaged  150  poimds  per 
ton.  This  figure  would  be  considerably  reduced  in  large-scale  opera- 
tions. The  average  energy  consimaption  for  the  seven  experiments 
was  3.46  kilowatt-hours  per  pound  tapped,  or  0.79  kilowatt-year  per 
ion.  The  %Totungsten  was  hard  and  brittle,  and  castings  made 
from  it  were  free  from  blowholes. 

a  Keeney,  R.  M.,  Th«  production  of  steels  and  ferro-alloys  directly  from  ore  In  the  electric  furnace;  Iron 
and  Steel  Inst.,  Carnegie  Scholarship  Memoirs,  vol.  4, 1012,  p.  108. 
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Detailed  results  of  the  experiments  are  tabulated  below  : 

RenUU  of  eacperiments  on  the  production  of  ferrotungsten  directly  from  ore. 


Experiment  No 

Charge: 

Ferbwite pounds. 

Honatite do. . . 

Coke do. . . 

Lime do... 

Fluot^Mir do... 

ReAnlng  slag: 

Hematite.... do... 

Lime, do. . . 

Fluorspar do. . . 

ConipositioQ  of  alloy: 

Tungsten percent. 

Carbon do... 

Kanganese do... 

SiUoon do... 

Phosphorus do. . . 

Sulphur do. . . 

Composition  of  slag: 

WO, do... 

SiOt do... 

CaO do... 

MgO do... 

FeO do... 

A^O, do... 

WoUhun  in  product,  calculated 

percentage. 

Oarfoon  per  pound  W  and  Fe, 

pounds 

ADoy  calculated,  pounds 

AUoy  tapped,  pounds. 

Power  consumption  per  pound 

tapped ,  kDowatt-hours 

Power  oonsumptfcm   per  ton 
tapped,  kitowatt^years. 


1 

3 

3 

4 

5 

• 

6 

7 

5.00 

10.00 

5.00 

5.00 

6.00 

6.00 

6.00 

1.50 

3.00 
3.00 

1.50 
1.37 

1.50 
1.53 

1.35 

1.13 

1.13 

1.13 

.75 

L56 

.90 

.96 

.76 

.75 

.75 

.063 

L34 

.063 

.063 

.063 

.063 

.063 

.75 

.75 

.76 

.75 

.75 

.75 

.75 

.30 

.30 

.30 

.30 

.30 

.30 

.30 

.044 

.044 

.044 

.044 

.044 

.044 

.044 

38.74 

49.64 

41.39 

43.35 

43.19 

37.50 

59.01 

1.77 

L83 

3.06 

3.51 

L66 

X04 

XQ3 

.33 

.16 

.43 

.38 

.16 

.33 

.16 

.47 

.31 

.34 

.44 

.14 

.07 

.00 

.044 

.046 

.043 

.048 

.051 

.054 

.030 

.033 

.068 

.069 

.017 

.014 

.031 

.015 

8.64 

4.14 

7.30 

4.34 

4.00 

5.38 

4.88 

30.13 

31.10 

31.00 

3L40 

30.40 

39.38 

39.64 

3L30 

37.00 

30.00 

34.60 

38.00 

31.10 

39.30 

16.00 

13.00 

19.60 

36.64 

34.48 

23.64 

18.80 

13.60 

13.00 

5.84 

4.53 

5.84 

5.10 

6.87 

13.10 

5.70 

5.34 

6.95 

6.33 

11.67 

7.88 

5a  00 

5a  00 

5a  00 

5a  00 

65.00 

65.00 

65.00 

.309 

.333 

.333 

.313 

.314 

.314 

.314 

5.08 

iai6 

5.08 

5.08 

4.30 

4.30 

4.30 

3.00 

8.78 

5.63 

3.30 

6.50 

X30 

4.63 

4.7« 

3.63 

3.00 

5.78 

1.86 

5.35 

L96 

1.00 

.60 

.46 

1.33 

.43 

L30 

.45 

< 

X)NCLr 

SIGNS. 

Conclusions  dravm  from  the  experiments  are  as  follows:  First, 
ferrotungsten  can  be  produced  directly  from  ferberite  in  the  electric 
furnace:  second,  by  the  use  of  a  decarburizing  slag  before  tapping 
the  percentage  of  carbon  in  the  alloy  can  be  kept  below  2  per  cent; 
third,  manganese,  silicon,  phosphorus,  and  sulphur  do  not  enter  the 
ferro-alloy  in  high  percentages;  fourth,  the  loss  of  tungsten  in  the 
slag  need  not  be  excessive;  and  fifth,  the  power  consumption  need 
not  exceed  3.46  kilowatt-hours  per  pound  of  ferrotungsten  tapped, 
or  0.79  kilowatt-year  per  ton. 

THEORY  OF  TX7NQ8TEH  ALLOYS. 

Several  carbides  and  alloys  of  iron  and  tungsten  have  been  isolated 
from  ferrotungsten.  Moissan  **  obtained  W,C  by  fusing  carbon  and 
tungsten  in  the  electric  furnace;  in  the  same  manner  Williams* 
found  WC.  Williams  obtained  2Fe,C.3W,C  by  the  reduction  of 
tungsten  trioxide  with  carbon  in  the  electric  furnace,  Behrem 
found  Fe,W  in  ferrotungsten  containing  50  per  cent  tungstecL 
Camot    and    Gonial   isolated    Fe3W.      Bonneville    isolated    Fe^W. 
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Bierman  found  FejWjC.  The  double  carbide  is  not  of  constant  com- 
position. WjSig  is  known  to  exist,  and  the  compound  WSi  is  believed 
to  exist.  WjSia  was  obtained  by  Moissan  synthetically  in  the  electric 
furnace.  The  carbides  W,C  and  WC  are  both  iron  gray  and  very 
hard.    WC  fuses  with  diflGlculty. 

REACTIONS. 

Ferrotungsten  can  be  made  by  reduction  of  wolframite,  ferberite, 
or  scheelite  with  aluminum,  silicon,  or  carbon.  Rossi  <*  reduced 
ferberite  with  aluminum  in  a  Siemens  type  of  electric  furnace.  An 
alloy  containing  75.9  per  cent  tungsten,  21.4  per  cent  iron,  1.6  per 
cent  silicon,  0.08  per  cent  sulphur,  and  0.9  per  cent  carbon  was  made 
from  concentrates  containing  69.8  per  cent  WOg,  20.25  per  cent  FeO, 
and  5.04  per  cent  SiOj.    The  reaction  used  is  as  follows: 

3Fe,W04-h8Al=3FeaW+4Al,03 

For  the  reduction  of  100  parts  of  62.3  per  cent  tungsten  ferrotung- 
sten from  122  parts  of  ferberite  24.2  parts  of  aluminum  is  necessary. 
Gin  has  produced  ferrotungsten  by  the  red%tion  of  scheelite  with 
a  bath  of  20  per  cent  ferrosilicon  in  the  electric  furnace  according  to 
the  following  reaction: 

3CaW04+4FeaSi=(2Fe,W+FejW)+3CaSiO,+FeSiO, 

The  most  common  method  for  the  production  of  ferrotungsten  is 
by  the  reduction  of  ferberite,  wolframite,  or  scheelite  concentrates 
in  the  electric  furnace  with  carbon  as  a  reducing  agent,  followed  by 
a  subsequent  decarburization  and  refining.  Wolframite  or  ferberite 
is  readily  reduced  in  this  manner,  but  there  is  difficulty  in  the  reduc- 
tion of  scheelite.  Ferberite  is  wolframite  [(FeMn)WOJ,  in  which 
the  manganese  is  replaced  by  iron  so  as  to  give  (FeFe)  WO4.  Reduc- 
tion occurs  with  carbon  according  to  the  following  reaction: 

Fe3W04+4C=Fe,W-f4CO 

Theoretically  the  product  contains  62.3  per  cent  tungsten.  For 
thie  reduction  of  100  parts  of  this  alloy  from  122  parts  of  ferberite 
16.2  parts  of  carbon  is  necessary. 

Scheelite  is  now  smelted  by  one  company  with  sulphide  of  iron 
and  carbon  in  the  electric  furnace.*  Lime  is  also  added  to  flux  the 
silica.    The  following  reaction  takes  place: 

CaWO4+FeS+40=FeW+0aS+40O 

The  product  is  said  to  be  a  ferrotungsten  containing  little  carbon. 
After  much  experimental  work  on  a  large  scale,  it  seems  that  reduc- 
tion with  carbon  followed  by  decarburization  with  iron  ore  or  tung- 

a  Rossi,  A.  J.,  Ferro-alloys:  Mineral  Industry,  1903,  p.  603. 

b  Editorial,  Electric  production  of  ferrotungsten:  Eng.  and  Min.  Jour.,  January  20,  yoL  03, 1012,  p.  173. 
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sten  concentrates  is  the  cheapest  and  most  efficient  method  of 
making  ferro tungsten  in  the  electric  furnace.  Aluminum  is  expensive 
and  goes  into  the  alloy  to  a  certain  extent,  as  also  does  silicon. 

Ferrotungsten  may  be  decarburized  by  covering  the  fused  metal  in 
the  electric  furnace  with  hammer  scale,  when  the  following  reaction 
takes  place: 

Fee07-h7W,C=6FeW,+W,+70O.o 

The  reaction  is  not  strictly  quantitative  because  there  is  always 
formed  some  ferrous  tungstate. 

It  is  possible  to  make  ferrotungsten  containing  80  per  cent  tungsten 
and  less  than  0.5  per  cent  carbon  by  the  following  reaction: 

FeeO7+3WaC=5FeW+FeWO4+30O 

Ferberite  or  wolframite  may  be  used  instead  of  hanmier  scale. 
Slags  hi^  in  tungsten  are  run  through  the  reducing  furnace  again. 
By  the  above  method  carbon  can  not  be  reduced  below  0.3  per  cent  in 
the  alloy. 

Ferrotungsten  with  less  than  80  per  cent  tungsten  can  be  made  by 
adding  metallic  iron  to  the  bath  and  decarburizing  with  iron  oxide  and 
hammer  scale. 

Alloys  with  as  low  a  carbon  content  as  0.15  per  cent  can  be  made  by 
use  of  the  following  reaction: 

3W,C+Fe,O3  +  2Fe=300+  (3FeW3+Fe). 

Decarburizing  with  iron  oxide  has  a  tendency  to  cause  loss  of 
timgsten  in  the  slag  by  the  formation  of  tungstate  of  iron.  This  loss 
may  be  reduced  somewhat  by  making  the  decarburizing  slag  rather 
acid  when  ferrous  silicate  is  formed,  according  to  the  following 
reaction: 

W,C+Fe,0,+2SiO,»W,+2FeSiO,+CO. 
PBOOBSS  OF  KANXTFACTUBB. 

Ferrotungsten  is  manufactured  from  ores  in  three  ways,  as  follows: 
First,  by  direct  reduction  with  carbon  in  a  crucible;  second,  by 
reduction  in  an  electric  furnace  by  some  reducing  agent  other  than 
carbon;  and  third,  by  direct  reduction  with  carbon  in  an  electric 
furnace. 

In  manuf actiu*e  by  the  crucible  process  concentrates  are  placed  in 
a  clay-lined  crucible  with  the  proper  proportions  of  reducing  agent 
and  flux,  and  heated  to  a  high  temperature  in  a  gas-fired  furnace.* 

a  Otn,  Q.,  lfolybd«noin  and  timgsten:  Trans.  Am.  Eleotrocham.  Soc,  yol.  13,  1906,  p.  48. 
6  Pratt,  8.  R.,  Manuteoture  of  metallic  tmigsten  and  ferrotungsten  In  tbe  crucible:  Eng.  and  Kin.  Jour., 
yol.  90, 1910,  p.  069. 
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There  is  considerable  wear  on  the  crucible  in  this  method.  In  making 
a  30  per  cent  tmigsten  alloy  the  crucible  will  last  about  three  heats^  but 
in  making  a  65  to  75  per  cent  product  it  lasts  only  one  heat.  Alloys 
with  higher  percentages  of  tungsten  than  this  are  not  made  in  the 
crucible  furnace. 

In  the  electric-furnace  process,  ferberite,  wolframite,  hubuerite, 
or  scheelite  is  reduced  with  carbon  in  an  arc  furnace.  As  with  many 
expensive  alloys,  the  process  is  generally  an  intermittent  one;  that  is, 
the  reduced  charge  is  tapped  from  the  furnace  before  another  charge 
is  added,  or  the  charge  is  allowed  to  solidify  and  is  chiseled  out  of  the 
furnace.  Sometimes  a  campaign  of  several  days  is  made.  The 
reduced  alloy  is  either  decarburized  with  refining  slags  in  the  same 
furnace  or  melted  and  refined  later  in  another  fimiace.  The  furnaces 
used  are  similar  in  design  to  the  ones  described  for  ferrochrome  pro- 
duction, but  a  more  complete  recovery  is  effected  by  the  use  of  a 
tilting  rather  than  a  stationary  furnace.  Wolframite,  ferberite,  and 
scheelite  are  reduced  easily  in  the  electric  fimiace,  most  of  the 
manganese  being  volatilized.  Scheelite  is  more  difficult  to  reduce 
and  very  sticky  basic  slags  result.  There  is  greater  loss  in  its  reduc- 
tion, so  that  it  does  not  command  as  high  a  price  as  the  other  ores, 
selUng  for  about  SI  per  imit  less.  The  product  is  tapped  into  molds, 
broken  on  cooUng,  and  packed  into  kegs  or  boxes. 

The  largest  producers  of  tungsten  ores  are  Australia,  Colorado, 
California,  and  Argentina.  The  standard  concentrate  contains  60 
per  cent  timgsten  trioxide  (WO,).  The  price  varies  from  $5  to  $8 
per  imit  in  the  60  per  cent  grade;  that  is,  if  the  rate  was  S5,  a  60  per 
cent  concentrate  would  be  worth  $300  per  short  ton.  The  analysis 
of  a  typical  Colorado  ore,  ferberite,  has  been  given  previously  in  a 
discussion  of  the  author's  experiments.  A  typical  scheelite  contains 
69.50  per  cent  WO,,  16.04  per  cent  CaO,  0.54  per  cent  FeO,  0.18  per 
cent  MnO,  0.14  per  cent  PjOj,  and  12.46  per  cent  SiO,. 

The  results  of  analyses  of  typical  ferrotungsten  produced  in  the 
electric  furnace  are  given  below. 

Results'  of  analyses  of  typical  ferrotungsten. 


Analsrsis  No 

Tangstco 

Carbon 

Iron 

Silloon 

IfnngMMwifi 

Cftknim 

Afscsilc 

Tin 

Sulpbur 

Phosphorus 

47000^*— Bull.  77—14 13 


1 

2 

Percent. 

Percent. 

73.0 

78.5 

3.5 

L7 

19.0 

18.5 

.4 

.3 

3.5 

.4 

Trace. 

.1 

.4 

.1 

.1 

.05 

.06 

.04 

.03 

.015 

Percent. 

83.0 
.0 

15.5 
.4 
.3 
.151 
.10 
.06 
.04 
.015 
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TTSBS. 

Tungsten  was  first  added  to  steel  almost  entirely  in  the  form  of  a 
powder,  manufactured  chemically.  The  powder  has  now  been 
replaced  by  ferrotungsten  to  such  an  extent  that  himdreds  of  tons  of 
the  latter  is  produced  aimually.  It  is  claimed  by  ferrotungsten 
manufacturers  that  there  is  less  loss  by  oxidation  and  a  more  imiform 
solution  of  tungsten  in  the  steel  if  ferrotungsten  is  used.  The  powder 
manufacturers  claim  that  the  alloy  is  not  imiform  in  composition. 
There  is  such  diversity  of  opinion  in  this  respect  that  it  is  difficult  to 
state  which  is  the  better,  but  the  production  of  ferrotungsten  is 
increasing. 

Ferrotimgsten  is  used  for  the  addition  of  timgsten  in  the  manu- 
facture of  self-hardening  or  high-speed  steels.  It  is  added  in  the 
furnace  or  in  the  crucible. 

Most  self-hardening  steel  contains  4  to  12  per  cent  of  tungsten,  with 
2  to  4  per  cent  of  manganese  and  1.5  to  2.5  per  cent  of  carbon.  It  is 
hard  without  being  subjected  to  any  heat  treatment  or  any  other 
process  for  making  it  so.  It  can  not  be  made  soft,  or  amended  by 
any  pro'cess  known  at  present.  All  of  the  self-hardening  steels  are 
nonmagnetic.  They  are  used  for  making  tools.  The  cutting  speed 
of  tools  made  from  self-hardening  steel  is  not  much,  if  any,  greater 
than  that  of  tools  made  from  ordinary  carbon  tool  steel,  but  the  former 
take  deep  cuts  and  last  longer  without  grinding.  The  2  to  4  per  cent 
manganese  can  be  replaced  by  1  to  2  per  cent  of  chromium.  The  12 
per  cent  molybdenum  can  be  replaced  by  4  to  8  per  cent  molybdenum. 

High-speed  steels  contain  as  much  as  24  per  cent  timgsten  and  0.40 
to  0.80  per  cent  carbon.  These  steels  do  not  lose  their  temper  or 
toughness  at  a  red  heat,  so  that  they  are  adapted  for  tools  to  be  used 
for  high-speed  cutting.  In  the  steel  for  cutting  tools  the  tungsten 
may  be  replaced  by  one-half  as  much  molybdenum.  In  this  way 
6  to  15  per  cent  molybdenum  is  used.  A  little  vanadium  can  be 
added  with  beneficial  results. 

For  permanent  magnets  a  steel  containing  4  to  5  per  cent  of  tung- 
sten and  0.5  to  0.7  per  cent  of  carbon,  if  heated  to  a  red  heat  and 
quenched  in  water,  will  retain  its  magnetism  better  than  ordinary 
hardened  cnrbon  steel. 

ELECTRIC^    HMELTINO    OF    VANADIUM    ORES    AND    THE 

PRODUCTION  OF  FERRO VANADIUM. 

Most  of  the  ferrovanadium  made  is  produced  by  the  thennit 
process,  by  reduction  of  the  oxide  VjOj  in  a  crucible  with  carbon,  or 
bv  reduction  of  vanadate  of  iron  with  carbon  in  a  crucible.  In 
Europe  some  ferrovanadium  is  made  by  the  reduction  of  the  oxide, 
sulphide,  or  vanadate  of  iron  with  carbon  in  the  electric  furnace.  The 
xrgest  source  of  vanadium  is  the  Peru  deposit  of  patronite,  a  sulphide 
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of  vanadium  containing  about  60  per  cent  sulphur  and  20  per  cent 
vanadium.  In  Colorado  and  Utah  there  are  large  deposits  of  low- 
grade  camotite,  a  iu*anium  and  vanadium  oxide  mineral.  Another 
ore  found  there  is  roscoelite,  which  contains  vanadium  oxide,  but  no 
uranium.  The  patronite  ore  is  first  roasted  and  then  reduced  by  the 
thermit  process;  or  in  the  electric  furnace  it  may  be  directly  reduced 
with  lime  as  a  desulphurizing  agent  and  carbon  as  a  reducing  agent. 
The  other  ores  are  treated  by  chemical  or  ore-dressing  processes  to 
obtain  the  vanadium  as  oxide  or  vanadate  of  iron,  and  are  then  re- 
duced with  carbon  in  a  combustion  or  electric  furnace  or  by  the 
thermit  method.  With  oxides  the  electric  furnace  method  is  similar 
to  the  production  of  ferrotungsten  with  carbon  as  a  reducing  agent. 
The  sulphide  reduction  is  similar  to  that  of  molybdenite  with  lime  and 
carbon.  In  several  patented  methods  silicon  is  used  as  a  reducing 
agent  in  the  electric  furnace.  The  process  as  performed  in  the  elec- 
tric furnace  has  no  novel  features  beyond  those  stated  regarding 
chromium,  tungsten,  and  molybdenum.  Decarburization  is  with  oxide 
of  iron  ore  or  oxide  ore  of  vanadium.  Vanadium  is  rather  difficult  to 
reduce,  and  as  a  result  excess  carbon  is  used  which  is  absorbed  up  to 
about  6  per  cent  by  the  ferrovanadium.  The  electric  furnace  prod- 
uct is  made  in  50  per  cent  and  25  per  cent  grades,  with  carbon  varying 
from  1  to  4  per  cent.  Below  are  the  results  of  analyses  of  these 
grades: 

Results  of  analyses  of  ferrovanadium. 


Conntituent. 

Grade 

wHhfiO 

percent 

vanadium. 

Grade 
with  25 

to  30 

percent 

vanadium. 

VAnadhin^ .     ,      ,     . . .      .,...-. .r ... 

55.00 
4a  00 
4.00 
.30 
.10 
.30 
.03 
.04 

34.10 

Iron 

64.10 

Carbon 

1.42 

Silicon 

.12 

Ahiminiun 

.12 

MamrftTiese ,.....- ^ ,,....  r  r  t  ....  r .- 

.12 

Sulpnur 

.03 

PhospbcMUS 

.009 

Vanadiiun  acts  like  titanium  as  a  cleanser  and  deoxidizer  of  a  steel 
bath,  and  is  also  used  to  add  as  much  as  about  0.35  per  cent  vana- 
dium to  the  steel  itself.  It  is  used  after  ferrosilicon  and  ferromanga- 
nese  have  been  added,  so  as  to  prevent  loss,  and  causes  deoxidation 
beyond  the  point  obtained  by  these  alloys.  It  melts  without  much 
difficulty  and  attacks  the  oxides  present.  Incorporated  in  the  steel 
in  proportions  up  to  0.30  per  cent  it  toughens  and  adds  a  great  tensile 
strength  to  the  steel. 


GLOSSARY. 

Inasmuch  as  this  bulletin  has  been  prepared  for  the  purpose  of 
giving  information  to  those  who  are  not  familiar  with  electrical  work, 
the  following  ^ossary,  taken  mainly  from  Kent's  ''Mechanical  Engi- 
neer's Pocket-Book"  (eighth  edition)  has  been  prepared: 

UNTTS  USED  IN   ELECTRICAL  CALCULATIONS. 

Ampere. — ^The  unit  of  current  strength,  or  rate  of  flow,  represented  by  /. 

VoU. — ^The  unit  of  electromotive  force,  electrical  pressure,  or  difference  of  poten- 
tial, represented  by  E. 

Ohm. — ^The  unit  of  resLstance,  represented  by  R. 

Coulomb  (or  ampere-second). — The  unit  of  quantity,  Q. 

Ampere-hour. — ^3,600  coidombs,  Q^. 

Joule  (volt-coidomb). — The  unit  of  energy  or  work,  W, 

Watt  (ampere-volt,  or  volt-ampere). — ^The  unit  of  power,  P. 

Farad. — ^The  unit  of  capacity,  represented  by  C. 

Henry. — The  unit  of  inductance,  represented  by  L. 

If  letters  are  used  to  represent  the  units,  the  relations  between  them  may  be 
expressed  by  the  following  formulas,  in  which  t  represents  1  second  and  T 1  hour: 

/=|,  Q=/t,  e'=/r,  C=|,  W^QE,  P^IE. 

As  these  relations  contain  no  coefficient  other  than  unity,  the  letters  may  represent 
any  quantities  given  in  terms  of  those  units.  For  example,  if  E  represents  the  number 
of  volts  of  electromotive  force,  and  R  the  number  of  ohms  of  resistance  in  a  circuit, 
then  their  ratio,  E-^R,  will  give  the  number  of  amperes  of  current  strength  in  that 
circuit. 

The  above  six  formulas  can  be  combined  by  substitution  or  elimination,  so  as  to 
give  the  relations  between  any  of  the  quantities.  The  most  imp<^tant  of  these  are 
the  following: 

RELATIONS  OF  VARIOUS  UNITS. 

1  ampere =1  coulomb  per  second. 

1  volt-ampere ■*!  watt=l  vdt-coulomb  per  second. 

0.7373  foot-pound  per  second. 
1  watt =  0.0009477  heat  unit  per  second  (F). 

.1/746  of  1  horsepower. 

0.7373  foot-pound. 

1  joule ■='  Work  done  by  1  watt  in  1  second. 

[0.0009477  heat  unit. 

1  British  thermal  unit =31055.2  joules. 

1  kilowatt,  or  1,000  watts —1,000/746,  or  1.3405  horsepower. 

1  kilowatt-hour =1.3405  horsepower-hours. 

1,000  volt-ampere  hours =2,645,200  foot-pounds. 

1  British  Board  of  Trade  unit -3412  heat  units. 

1  horsepower (746  watts-746  volt-amperee. 

133,000  foot-pounds  per  minute. 
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The  ohm,  ampere,  and  volt  are  defined  in  terms  of  one  another  as  follows:  Ohm,  the 
resistance  of  a  conductor  through  which  a  current  of  1  ampere  will  pass  when  the  elec- 
tromotive force  is  1  volt.  Ampere,  the  quantity  of  current  that  will  flow  through  a 
resistance  of  1  ohm  when  the  electromotive  force  is  1  vdt.  Volt,  the  electromotive 
force  required  to  cause  a  current  of  1  ampere  to  flow  through  a  resistance  of  1  ohm. 

Equivalent  values  of  electrical  arid  mechanical  units. 


Unit. 


IkUowatt-hoor, 


1  honwpower- 
hour. 


Ikliowatt. 


1  hoiMpowsr. 


IJoule. 


Equivalent  value  in  other  units. 


1,000  watt  hours. 

1.34  horsepower-hours. 

2,654,a0O  root-pounds. 

3,600,000  joules. 

3,412  heat  units. 

307,000  kiloeram-meters. 

0.235  pound  of  carbon  oxidized 

with  perfect  efficiency. 
3.53  pounds  of  water  evaporated 

from  and  at  212"  F. 
22.75  pounds  of  water  raised  from 

«2»to212'F. 
0.746  kilowatt-hour. 
1,980,000  foot-pounds. 
2,545  heat  units. 
273,740  kilogram-meters. 
0.175  pound  of  carbon  oxidized 

with  perfect  efficiency. 
2.64  pounds  of  water  evaporated 

from  and  at  212"  F. 
17  pounds  of  water  raised  from 

62»to212'F. 
1,000  watts. 
1.34  horsepower. 
2,664,200  root-pounds  per  hour. 
44,240  foot-pounds  per  minute. 
737.3  foot-pounds  per  second. 
3,412  heat  units  per  hour. 
56.9  heat  units  per  minute. 
0.048  heat  unit  per  second. 
0.2275  pound  of  carbon  oxidized 

per  hour. 
3.53  pounds  of  water  evaporated 

fer  hour  from  and  at  212*  F. 
watts. 
0.746  kilowatt. 

33,000  foot-pounds  per  minute. 
550  foot-pounds  per  second. 
2,545  heat  units  per  hour. 
42.4  heat  units  per  minute. 
0.707  heat  unit  per  second. 
0.175  pound  of  carbon  oxidized 

per  nour. 
2.64  pounds  of  water  evaporated 

per  hour  from  and  at  212*  ^ 
1  watt  second. 
0.000000278  kilowatt-hour. 
0.102  kilogram-meter. 
0.0009477  heat  unit. 
0.7373  foot-pound. 


F. 


UnH. 


1  foot-pound.. 


Iwatt. 


watt  per 
square  inch. 


1  heat  unit. 


1  heat  unit  per 
square  root 
per  minute. 

1  kilogram-me- 
ter. 


1  pound  of  car- 
Don  oxidized 
with  pOTfect 
efficiency. 


1  pound  of  wa- 
ter evapor- 
ated from 
and  at  212*  F. 


Equivalent  value  in  other  units. 


1.356  Joules. 

0.1383  kilo«ram-meter. 

0.000000377kilowatt-hour. 

0.001285  heat  units. 

0.0000005  horsepower-hour. 

1  Joule  per  second. 

0.00134  horsepower. 

3.412  heat  units  per  hour. 

0.7373  foot-pound  per  second. 

0.0035  pound  of  water  evaporated 
per  hour. 

44.24  foot-pounds  per  minute. 

8.19  heat  units  per  square  foot  per 
minute. 

6,371  foot-pounds  per  square  foot 
per  minute. 

0.193  horsepower  per  square  foot. 

1,055  watt-seconds. 

778.6  kilogram-meters. 

0.000293  kilowatt-hour. 

0.000393  horsepower-hour. 

0.0000688pound  of  carbon  oxidized. 

0.001036  pound  of  water  evapo- 
rated from  and  at  212*  F. 

0.122  watt  i>er  square  inch. 

0.0176  kilowatt  per  square  foot. 

0.0236  horsepower  per  square  foot. 

7.233  foot-pounds. 

0.00000365  norsepower-hour. 

0.00000272  kilowatt-hour. 

0.0093  heat  unit. 

14,544  heat  units. 

1.11  pounds  of  anthracite  coal  oxi- 
dized. 

2.5  pounds  of  dry  wood  oxidized. 

21  cubic  feet  of  illuminating  gas. 

4.26  kilowatt^xours. 

5.71  horsepower-houiB. 

11,315,000  foot-pounds. 

15  pounds  of  water  evaporated 
from  and  at  212*  F. 

0.283  kilowatt-hour. 

0.379  horsepower-hour. 

1)65.7  heat  units. 

103,900  kilogram-meters. 

1,019,000  Joules. 

751,300  foot-pounds. 

0.0664  pound  of  carbon  oxidized. 


LAWS   OF   ELECTRICAL   RESISTANCE. 

The  resistance,  i?,  of  any  conductor  varies  directly  as  its  length,  2,  and  inversely 
as  its  section  area,  «,  or  R  ool-t-s. 

If  r  B  the  resistance  of  a  conductor  1  unit  in  length  and  1  square  unit  in  sectional 
area,  R=rl-+^.  The  common  unit  of  length  for  electrical  calculations  in  English  meas- 
ure is  the  foot,  and  the  unit  of  area  of  wires  is  the  circular  mil,  which  equals  the  area 
of  a  circle  0.001  inch  in  diameter.  One  mil-foot  is  equivalent  to  an  object  1  foot 
long  and  1  circular  mil  in  cross  section.  Resistance  of  1  mil-foot  of  soft  copper  wire  at 
51°  F.— 10  international  ohms. 

Example. — ^What  is  the  resistance  of  a  wire  1,000  feet  long  and  0.1  inch  in  diameter? 

0.1  inch  in  diameter= 10,000  circular  mils. 

iJ=»r^*-8= 10X1,000-4-10,000=1  ohm. 
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Specific  resistance,  also  called  resistivity,  is  the  resistance  of  a  material  of  unit 
length  and  section  as  compared  with  the  resistance  of  soft  copper. 

Conductivity  is  the  reciprocal  of  specific  resistance,  or  the  relative  conducting 
power  compared  with  copper  taken  at  100. 

Electrical  conductivity  of  different  metals  and  alloys. 


PuresUver 100 

Pure  copper 100 

Telegraphic  siliceous  broiue 98 

A  Uoy  of  one-half  copper  and  one-half  silver . .    86. 65 

Pure  gold 78 

Silicide  of  copper,  4  per  cent  8i 75 

Telephonic  siliceous  bronse 35 

Pure  zinc 29.9 

Brass  with  35  per  cent  tine 21. 5 

Phosphor  tin 17.7 

Alloy  of  one-half  gold  and  one-half  sliver ....    16. 12 


Swedish  iron 16 

Pure  Banca  tin 15. 45 

Aluminum  bronxe  (10  per  cent) 12.6 

Siemens  steel 12 

Pure  platinum 10. 6 

Copper  with  10  per  cent  nickel ia6 

Pure  lead 8.88 

Bronce  with  20  per  cent  tin 8. 4 

Pure  nickel 7. 89 

Phosphor  bronze,  10  per  cent  tin 6.5 

Antimony 3. 88 


Conductivity  of  aluminum. — ^J.  W.  Richards  (Jour.  Franklin  Inst.,  Mar.,  1897) 
gives  for  hard-drawn  aluminum  of  purity  98.5, 99, 99.5,  and  99.75  per  cent,  respectively, 
a  conductivity  of  55,  59,  61,  and  63  to  64  per  cent,  copper  being  100  per  cent.  The 
Pittsburgh  Reduction  Co.  claims  that  its  purest  aluminum  has  a  conductivity  of 
over  64.5  per  cent.    (Eng.  News,  Dec.  17,  1896.) 

German  silver. — The  resistance  of  German  silver  depends  on  its  composition.  Matth- 
iessen  gives  it  as  nearly  13  times  that  of  copper,  with  a  temperature  coefficient  of 
0.0004433  per  degree  centigrade.  Weston,  however  (Proc.  Electrical  Cong.,  1893, 
p.  179),  has  found  copper-nickel- zinc  alloys  (German  silver)  that  had  a  resistance  of 
nearly  28  times  that  of  copper  and  a  temperature  coefficient  of  about  one-half  that 
given  by  Matthiessen. 

Conductors  and  insulators  in  order  of  their  value. 


CONDUCTORS. 

All  metals. 

Metallic  ores. 

Well-burned  charcoal. 

Animal  fluids. 

. 

Graphite. 

Living  vegetable 

substances 

Acid  solutions. 

Moist  earth. 

Saline  solutions. 

Water. 

INSULATORS  (N 

0NCONDUCTOR8). 

Dry  air. 

Ebonite. 

Jet. 

Shellac. 

Outta  percha. 

Glass. 

Paraffin. 

India  rubber. 

Mica. 

Amber. 

Silk. 

Porcelain. 

Resins. 

Dry  paper. 

Oils. 

Sulphur. 

Parchment. 

Wax. 

Dry  leather. 

According  to  Culley,  the  resistance  of  distilled  water  is  6.754  million  times  as  great 
as  that  of  copper.    Impurities  in  water  decrease  its  resistance. 

RESISTANCE   VARIES   WrPH  TEMPERATURE. 

For  every  degree  centigrade,  the  resistance  of  copper  increases  about  0.4  per  cent, 
or  for  every  degree  Fahrenheit,  0.2222  per  cent.  Thus,  a  piece  of  copper  wire  having 
a  resistance  of  10  ohms  at  32*^  woidd  have  a  resistance  of  1 1.11  ohms  at  82^  F. 

The  following  table  shows  the  amount  of  resistance  of  a  few  substances  used  for 

various  electrioU  purposes  by  which  1  ohm  is  increased  by  a  rise  of  temperature  of 

l^C. 

Platinoid aO0O21      Oold,8Uver aoOOOS 

Platinum  silver 00081      Cast  iron 00080 

Germansilver 00044     Copper 00400 
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ohm's  law. 

This  law  expresses  the  relation  between  the  three  fundamental  units  of  resistance, 
electrical  pressure,  and  current.    It  is: 

resistance  R  I 

In  terms  of  the  units  of  the  three  quantities, 

Amperes=^^ — ;  volts=ampere8Xohms;  ohme= 


ohms'  '  amperes' 

EXAMPLES. 

1.  If  the  source  has  an  effective  electrical  pressure  of  100  volts,  and  the  resistance  is 
2  ohms,  what  is  the  current? 

r    ^     100     cA 

7=^=^=50  amperes 

2.  What  pressure  will  give  a  current  of  50  amperes  through  a  resistance  of  2  ohms? 

J?=/ft=50X2=100  volts. 

3.  What  resistance  is  required  to  obtain  a  current  of  50  amperes  when  the  pressure 
is  100  volts? 

R=E-i-I=100-t-50=2  ohms. 
Ohm's  law  applies  equally  to  a  complete  electrical  circuit  and  to  any  part  thereof. 

HEAT  OENBRATED  BY  A  CURRENT. 

Joide's  law  shows  that  the  heat  developed  in  a  conductor  is  directly  proportional, 
first,  to  its  resistance;  second,  to  the  square  of  the  current  strength;  and,  third,  to  the 
time  during  which  the  current  flows,  or  H^PRt.    Since  I=E-*-Rj 

PRt^^IRt^EIt^E^^^ 

Or,  heat=current'X  resistance  X  time 

=electromotive  force  X  current  X  time 
=electromotive  force' Xtime-i-resistance 
Q=quantity  of  electricity  flowing=/iK,  or  (Et-^R) 
H=EQf  or  heat=electromotive  force X quantity. 
The  electromotive  force  here  Is  that  causing  the  flow,  or  the  difference  in  potential 
between  the  ends  of  the  conductor. 

The  electrical  unit  of  heat  or  "joule  "  equab  10^  ergs,  equals  heat  generated  in  1  second 
by  a  current  of  1  ampere  flowing  through  a  resistance  of  1  ohm,  equals  0.239  gram  of 
water  raised  1«»  C.  H=^PRtX0.2^9  gram  calories=/»i?«X0.0009478  British  thermal 
unit. 

In  electric  lighting  the  energy  of  the  current  is  converted  into  heat  in  the  lamps. 
The  resistance  of  the  lamp  is  made  great  so  that  the  required  quantity  of  heat  may  be 
developed,  while  in  the  wire  leading  to  and  from  the  lamp  the  resistance  is  made  as 
small  as  is  commercially  practicable,  so  that  as  little  energy  as  possible  may  be  wasted 
in  heating  the  wire. 
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manufiicture  of,  difficulties  involved  in. .      102 
electrode  holder  used  in,  details  of. .        50 

figureshowing 54 

in  blast  fbmace.  difficulties  in 103,104 

types  of  furnaces  for 10^118 

use  of,  in  manufacture  of  iron  and  steel. .     102 
See  aUo  various  ferro^oys  named. 
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usesof. 144,145 

Ferromanganese-silicon,  analyses  of 146 

gradesof 145 

manufacture  of,  methods  of 145 

price  of. 145 

Ferromolybdenura,  analyses  of 150 

characteristics  of 149 

elimination  of  sulphur  from 147, 148 

manufacture  of,  experiments  in 148 

history  of 146 

methods  of 147,150 

price  of 140 

production  of,  in  United  States 106 

usesof 150,151 

Fenonickel,  analyses  of. 152, 154 

composition  of. 151 

manufacture  of 151,153,154 

experiments  in 152 

production  of ,  in  United  States 106 

Ferrophosphorus,  grades  of 154 

manufacture  of 154 

production  of ,  in  United  States 106 

Ferrosilico-alumlnum,  manufacture  of 175 

uses  of. 175 

FeiTosilico-manganese-aluminum,  grades  ot .     175 

use  of 175 

FerrosiUcon,  characteristics  of 158 

disintegration  of ,  causes  of 158,160 

prevention  of 160 

formation  of  gases  in,  cause  ofL 158, 160, 161 
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THE  SMELTHG  OF  COPPER  ORES  IN  THE  ELECTRIC 

FURNACE. 


By  Dobsey  a.  Lyon  and  Robebt  M.  Keeney. 


INTRODUCTION. 

This  bulletin  is  one  of  a  series  dealing  with  the  application  of  the 
electric  furnace  to  the  smelting  of  ores  and  the  manufacture  of  alloys, 
and  is  published  by  the  Bureau  of  Mines  in  the  endeavor  to  increase 
efficiency  in  metallurgical  processes. 

The  bulletin  presents,  first,  a  critical  discussion  of  the  possibility 
of  smelting  copper  ores  in  the  electric  furnace;  second,  the  results  of 
the  experimental  work  of  other  investigators  on  the  electric  smelting 
of  copper;  third,  the  results  of  experiments  by  the  authors  on  the 
electric  smelting  of  native  copper  concentrates  and  sulphide  copper 
ores;  and,  fourth,  a  comparison  of  the  electric  furnace  with  the  blast 
furnace  and  reverberatory  furnace  for  copper  smelting. 

Before  considering  the  electric  smelting  of  copper  ores  the  reader 
should  understand  that  the  electric  furnace  was  not  developed  as  a 
competitor  of  the  combustion  furnace,  but  for  the  purpose  of  doing 
high-temperature  work  that  can  not  be  done  in  the  combustion 
furnace,  and  for  the  treatment  of  ores  from  deposits  that  are  in 
r^ons  where  fuel  is  scarce  and  costly  but  hydroelectric  power  is 
comparatively  cheap,  as  in  Chile,  and  in  certain  parts  of  Canada, 
the  United  States,  and  Mexico. 

Furthermore,  it  is  not  the  object  of  this  report  to  tiy  to  prove  that 
the  electric  furnace  should  replace  the  reverberatory  or  the  blast 
furnace,  as  used  at  present  in  smelting  copper  ores,  but  to  show 
that  the  electric  furnace  may  be  used  with  advantage  in  localities 
where  conditions  are  not  favorable  to  the  use  of  the  reverberatory  or 
the  blast  furnace. 

For  example,  otherwise  valuable  ore  deposits  may  be  situated  in  a 
district  so  remote  from,  or  inaccessible  by,  railway  that  the  cost  of  get- 
ting coke  for  smelting,  or  of  transporting  the  ore  to  a  smelter,  is  pro- 
hibitive. If  there  is  sufficient  water  power  at  hand,  from  which 
electric  power  can-be  developed  at  a  reasonable  cost,  and  this  electric 
power  is  used  for  smelting  the  ore  in  an  electric  furnace,  with  subse- 
quent bessemerizing,  if  necessary,  the  concentrated  product  may  be 
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valuable  enough  to  render  treatment  of  the  ore  possible.  Or,  the 
deposits  may  be  accessible  by  railroad  and  yet  the  cost  of  fuel  may  be 
too  great  for  smelting  by  the  ordmary  methods,  whereas,  on  the  other 
hand,  hydroelectric  power  can  be  developed  in  the  district  at  a  low 
cost.  By  the  use  of  the  electric  furnace  such  ores  may  be  smelted 
cheaply  enough  to  make  their  treatment  feasible. 

The  possibilities  being  as  stated,  a  brief  comparative  study  of 
the  problem  is  presented  for  the  purpose  of  aiding  those  interested 
in  the  subject  in  determining  whether  it  would  be  possible  inetallurgi- 
cally,  and  feasible  commercially,  to  use  the  electric  furnace  in  those 
localities  where,  by  reason  of  costly  fuel,  the  cost  of  operating  a  rever- 
beratory  or  blast  furnace  for  smelting  copper  ores  is  either  excessive 
or  prohibitive. 

The  main  points  to  be  considered  regarding  the  electric  smelting  of 
copper  ores  are  whether  the  ores  can  be  treated  as  successfully  in  an 
electric  furnace  as  in  a  combustion  furnace,  and  if  so,  whether  they 
can  be  smelted  at  a  reasonable  cost. 

CHEMISTRY  OF  COPPER  SMELTING. 

The  objects  sought  in  copper  smelting  may  be  summarized  as 
follows:  (1)  To  concentrate  the  copper  into  metal  carrying  any 
precious  metals  that  may  be  present,  if  a  native  copper  or  an  oxide 
ore  is  to  be  smelted,  or  into  a  matte,  if  a  sulphide  ore  is  to  be  treated, 
and  (2)  to  remove,  as  slag,  the  excess  of  iron  and  gangue  materials. 

In  general,  there  are  three  classes  of  ores  that  have  to  be  con- 
sidered in  copper  smelting,  namely,  native  copper,  the  oxides,  sili- 
cates, and  carbonates,  and  sulphide  ores. 

SMELTING  OP  NATIVE  COPPER  ORES. 

From  the  manner  of  occmrence  of  native  copper,  the  smelting  of 
native  copper,  or  a  native  copper  concentrate,  resolves  itself  into  the 
melting  of  the  ore,  or  concentrate,  and  the  separation  of  the  metallic 
copper  from  the  gangue  through  the  difference  in  their  specific 
gravities.  After  removal  of  the  slag  a  further  refining  of  the  black 
copper  obtained  from  the  melting  is  necessary.  The  smelting  of 
native  ore  is  the  simplest  form  of  copper  smelting.  The  electric 
furnace  is  especially  adapted  to  simple  melting  in  a  neutral  atmos- 
phere, and  appears  to  have  particular  application  in  this  phase  of 
copper  smelting,  especially  the  smelting  of  fine  concentrates,  as 
shown  by  recent  experhnents  of  the  writers. 

SMELTING  OP  OXIDE,  CARBONATE,  OR  SILICATE  ORES. 

The  process  of  smelting  oxide,  carbonate,  or  silicate  ores  of  copper 
consists  simply  in  melting  the  ores  in  the  blast  furnace  with  coke, 
thus  reducing  them  to  metallic  copper.    The  separation  of  the  slag 
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and  metal  is  an  important  feature  of  the  process  and  the  supply  of 
coke  must  be  carefully  regulated  to  prevent  reduction  of  iron  by  any 
excess  carbon.  The  furnace  atmosphere  is  reducing  and  not  neutral. 
Such  an  atmosphere  is  easily  obtainable  in  the  electric  furnace^  and 
it  is  used  in  the  electric  smelting  of  iron.  The  experiments  of  Stephan, 
to  be  described  later,  also  show  the  possibility  of  using  a  reducing 
atmosphere  in  the  electric  fm-nace. 

SMELTING  OF  SULPHIDE  ORES. 

The  smelting  of  sulphide  ores  presents  additional  complications. 
In  order  to  concentrate  the  copper  and  any  precious  metals  into  a 
matte,  it  is  first  necessary  to  eliminate  from  the  ore  the  sulphur,  or 
as  much  of  it  as  may  be  necessary,  in  order  to  obtain  the  desired 
results,  and  to  cause  the  resultant  oxides  to  imite  with  silica,  which 
may  either  be  present  in  the  ore  or  may  be  added,  preferably  in  the 
form  of  sihceous  ore,  to  make  a  slag. 

BEMOVAL  OF  STTLFHTJB. 

As  pointed  out  by  Peters,  <*  when  fused  in  a  reducing  atmosphere 
certain  of  the  sulphides,  such  as  CujS,  FeS,  PbS,  etc.,  melt  down 
without  change,  while  the  very  common  and  important  mineral, 
pyrite,  loses  about  one  half  of  its  sulphur,  which  is  driven  off  as 
sulphur  in  the  shape  cf  yellowish  fumes,  which  will  deposit  a  coating 
of  brimstone  on  a  cool  surface. 

Peters  also  states  that — 

The  only  two  sulphides  of  much  interest  to  the  metalluigist,  which  lose  a  portion 
of  their  sulphur  by  heat  alone  in  the  manner  just  described,  are  (1)  p3rrite  (FeSa), 
which  is  assumed  to  lose  one-hall  of  its  contents  in  sulphur  by  mere  heating  without 
air;  and  (2)  chalcopyrite  (Cu2S.Fe2S8)  which  (as  generally  assumed  by  metallurgists) 
is  composed  of  one-third  copper,  one-third  iron,  and  one-third  sulphur,  and  loses 
(by  melting  without  air)  one-third  of  its  sulphiur,  or  one-ninth  of  its  entire  weight. 

This  quotation  is  given  in  order  to  show  clearly  and  concisely  that 
there  would  be  no  object  in  simply  melting  sulphide  ores  in  an  electric 
furnace.  That  is,  if  this  were  done,  only  an  altered  form  of  the  ore 
would  result,  somewhat  concentrated,  to  be  sure,  through  the  loss 
of  the  elemental  sulphur,  but  not  concentrated  enough. 

RESULTS  OF  SMELTING  RAW   SULPHIDE   ORB   IN  A   BLAST   FURNACE. 

Peters  gives  the  following  example  in  order  to  illustrate  the  con- 
centration effected  by  smelting  in  a  blast  furnace: 

Assume  that  you  wish  to  smelt  100  pounds  of  a  sulphide  ore  containing  no  earthy 
gan^e  rock,  and  consisting  solely  of  a  mixture  of  pyrite,  chalcopyrite,  and  a  little 
galena.  It  assays  35  ounces  silver  per  ton  and  carries  6  per  cent  copper  and  4  per 
cent  lead.  Neglect  for  the  moment  the  inevitable  metal  1  Dsses  in  smeltinj,  and  assimie 
(as  the  practical  metallurgist  generally  does)  that  the  p3rrite  consists  of  one-half 

•  Peters,  E.  D.,  Piinoiples  of  copper  smelting,  1007,  p.  100. 
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iron  and  one-half  sulphur,  and  that  chalcopyrite  conBists  of  one-third  each  of  copper, 
iron,  and  sulphur. 

He  then  makes,  the  necessary  calculations  to  determine  the  weight 
of  the  matte  that  would  be  produced  if  this  ore  were  to  be  smelted 
in  a  blast  furnace,  and  from  the  results  obtained  constructs  the  fol- 
lowing table: 

Theoretical  weight  of  matte  produced  by  smelting  100  pounds  of  mixed  stdphides. 


Mineralogioal 
composition  of 
ore. 

Weight 
of  ore. 

Chemical  composition  of  ore. 

Loss  by 
smelt- 
ing (8). 

Remaining  to  form  matte. 

Total 
weight 

matte. 

Fe. 

Cu. 

8. 

Pb. 

Fe. 

Cu. 

8. 

Pb. 

Pvrite 

Lbt. 
77.36 
18.00 
4.64 

Lbi. 
38.68 
6.00 

Lbt. 

Lbt. 
38.68 
6.00 
.64 

Lbt. 

i'ob' 

Lbt. 
19.34 
2.00 

Lbt. 

38.68 
6.00 

Lbt. 

6.66* 

Lbt. 
19.34 
4.00 
.64 

Lbt. 

'4*66* 

Lbt. 
58.02 

Chalcopyrite 

Galena 

16.00 
4.64 

Total 

100.00 

21.34 

44.68 

6.00 

23.98 

4.00 

78.66 

As  stated  by  Peters,  this  calculation  shows  that  if  100  poimds  of 
mixed  sulphides  were  to  be  smelted  in  the  blast  furnace  the  matte 
would  weigh  78.66  pounds,  or  a  concentration  of  1004-78.66=1.27 
would  be  obtained,  and  only  1.27  tons  of  ore  would  be  smelted  into  1 
ton  of  matte,  which  is  an  unsatisfactory  and  unprofitable  degree  of 
concentration. 

METHODS   OF   SMELTING   8UI.PHIDE   OBES. 

Such  being  the  case,  the  smelting  of  sulphide  copper  ores  resolves 
itself  into  one  of  the  three  following  methods,  or  a  combination  of 
them,  in  order  to  effect  the  removal  of  sulphur  and  a  desirable  con- 
centration : 

(1)  Oxides  and  sulphides  are  mixed  in  such  proportions  that  the 
reactions  necessary  to  effect  the  desired  degree  of  concentration 
will  take  place. 

(2)  Sulphide  ores  are  roasted,  thus,  converting  them  into  oxides, 
or  partly  so,  depending  on  the  degree  to  which  the  roasting  is  carried 
out,  and  are  then  melted  in  a  suitable  furnace.  By  the  preUminary 
removal  of  sulphur  to  the  desired  degree,  the  excess  iron  and  the 
gangue  materials  present  may  then  be  eUminated  in  the  furnace  as 
slag,  for  it  is  to  be  remembered  that  sulphur  which  is  present  in  the 
charge  during  the  melting  will  combine  with  the  copper,  and  that  any 
sulphur  in  excess  of  the  amount  necessary  to  satisfy  the  copper  will 
unite  with  the  iron;  the  remainder  of  the  iron  present  as  iron  oxide 
(FeO)  will  unite  with  siUca  to  form  slag.  The  concentration  of  the 
copper  and  precious  metals  into  a  matte  is  thus  brought  about. 

(3)  As  roasting  the  ore  is  an  additional  step  in  the  process  of  con- 
centration it  is  to  be  avoided  if  possible,  and  the  desired  oxidation 
of  the  sulphides  accomplished  in  the  blast  furnace  by  means  of  the 
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oxygen  of  the  air  that  is  forced  into  the  furnace  through  the  tuySres. 
This  is  what  the  modem  copper  blast  furnace  does;  it  combines  the 
functions  of  roasting  and  smelting.  In  other  words,  it  oxidizes  and 
smelts  simultaneously,  and  also  utilizes  the  heat  that  is  generated  by 
the  oxidation  of  the  sulphur  and  iron.  This  utilization  of  the  heat 
generated  by  the  oxidation  of  the  iron  and  sulphur  is  termed  pyritic 
smelting,  although,  as  will  be  shown  later,  true  pyritic  smelting 
involves  the  smelting  of  sulphide  ores  solely  by  the  heat  arising  from 
their  own  oxidation,  without  the  addition  of  any  carbonaceous  fuel. 

BEACTIONS   IN  THE   BLAST  FURNACE. 

In  order  to  illustrate  what  takes  place  in  a  blast  furnace  smelting 
sulphide  ores,  assume  that  the  charge  is  made  up  of  siUca,  pyrite,  and 
chalcopyrite.  The  shaft  may  be  divided  into  two  zones,  namely,  the 
preheating  zone,  and  the  oxidation  and  fusion  zone,  it  being  under- 
stood, of  course,  that  there  is  no  sharp  line  of  demarcation  between 
the  two. 

Reactions  in  preheating  zone, — ^The  behavior  of  the  main  constituents 
of  the  charge  in  passing  through  the  preheating  zone  is  as  follows: 

(1)  SiUca  (SiOj)  remains  unaltered. 

(2)  Chalcopyrite  (CujS.FejSg)  loses  about  one-fourth  of  its  sulphur 
as  elemental  sulphur  and  becomes  a  mixture  of  Cu^S  and  FeS. 

(3)  Pyrite  (FeS,)  loses  about  one-half  of  its  sulphur  and  becomes 
PeS  and  then,  finally,  Fe.FeS. 

Reactions  in  oxidation  and  fusion  zone. — ^The  reactions  that  take 
place  in  the  oxidation  and  fusion  zone  are  as  follows: 

(1)  Chalcopyrite  (CujS  and  FeS  compoimd)  melts  as  soon  as  it 
has  descended  to  a  point  where  the  temperature  is  high  enough,  a 
comparatively  moderate  temperature. 

(2)  The  sulphur  in  the  pyrite  (Fe.FeS  compoimd)  is  partly  burned 
by  the  oxygen  of  the  blast  to  SO3.  That  which  remains  imbumed  from 
lack  of  oxygen  passes  through  the  oxidizing  zone  and  enters  the  matte. 

REVERBERATORY  COPPER  SMELTING. 

The  objects  sought  and  the  methods  used  in  the  smelting  of  copper 
ores  have  been  outlined.  The  next  point  to  be  considered  is  the 
maimer  in  which  the  smelting  of  copper  ores  is  conducted. 

Inasmuch  as  copper  ores  are  smelted  in  one  of  two  ways — that  is, 
either  in  a  reverberatory  or  in  a  blast  furnace — it  will  first  be  necessary 
to  ascertain  if  the  conditions  essential  for  the  successful  conduct  of 
these  two  methods  can  be  attained  in  the  electric  furnace. 

As  stated  by  Peters,** ''  the  one  fxmdamental  and  preeminent  duty  of 
the  reverberatory  type  of  furnace  is  to  produce  a  smelting  tempera- 
ture so  that  the  ore  may  become  liquid,  and  thus  be  able  to  separate 

•  Peters,  E.  D.,  Principles  of  copper  smelting,  1907,  p.  170. 
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into  slag  and  matte."  As  regards  this  discussion,  the  reyerberatoiy 
furnace  is  used  for  the  smelting  of  ores  and  concentrates  that  can. 
not  be  successfully  treated  in  a  blast  furnace.    As  Peters  has  shown: 

The  manner  in  which  the  heat  from  the  fuel  is  applied  in  the  reverberatdry  metbod 
cf  smelting",  though  much  improved  in  modem  practice,  is  a  peculiarly  wasteful  ooe, 
as  the  mere  rapid  passing;  of  a  flame  oyer  the  sur&tce  of  a  layer  of  ore  restinj  upon  a 
comparatively  cool  hearth  is  a  particularly  incomplete  way  of  transferrinj  heat  from 
the  flame  to  the  ore  particles,  especially  as  the  latter  are  usually  poor  conductors 
of  heat. 

The  very  large  surface  of  walls,  arch,  flue,  stack  lining,  etc.,  is  in  just  as  fovorable 
a  position  for  beinj  smelted  as  is  the  ore  itself,  and  in  spite  of  its  refractory  composition, 
needs  frequent  repairs  and  renewals. 

Such  a  method  could  only  ori3;inate  in  a  district  possessing  cheap  flaming  coal  and 
inexpensive  refractory  materials,  and  Swansea  (where  the  process  originated)  has  these 
in  abundance. 

The  reverberatory  process  is  but  little  complicated  by  the  active  extraneous  agents 
which  exert  so  marked  an  effect  upon  the  chemistry  of  the  blast-furnace  smelting  of 
roasted  ores,  and  the  pyrite  smelting  of  sulphide  ores,  namely,  carbon  in  the  one  case 
and  oxygen  in  the  other. 

Speaking  in  a  broad  general  sense  the  ore  in  the  reverberatory  smelting  furnace  is 
subjected  to  neither  of  these  influences  to  any  marked  de:7ee,  and  it  is  thus  enabled  to 
work  out  its  own  salvation  under  the  influence  of  heat  alone.  Such  chemical  reaction 
as  takes  place  in  the  ore  mass  during  the  smelting  results  almost  entirely  from  the  behav- 
ior cf  substances  already  contained  in  the  ore  and  is  affected  by  the  mutual  action  of 
the  various  constituents  of  the  charge  itself.  This  renders  the  chemical  part  of  the 
operation  unusually  simple  and  enables  the  smelter  to  concentrate  his  efforts  upon 
developing  the  high  temperature  essential  to  the  complete  fusion  of  the  ore. 

SUBSTITUTION  OF  THE  ELECTRIC  FURNACE  FOR  THE 

REVERBERATORY  FURNACE. 

If,  then,  as  Peters  states,  **the  proper  function  of  the  reverberatory 
furnace,  in  smelting  copper  ores,  is  to  generate  heat  as  rapidly  as 
possible,''  there  is  no  apparent  reason  why  copper  ores  can  not  be 
smelted  equally  well  in  an  electric  furnace,  and  perhaps  even  more 
advantageously;  for,  as  pointed  out  by  Peters,  and  as  is  well  known, 
the  thermal  efficiency  of  the  average  reverberatory  furnace  is  only  5  to 
8  per  cent,  although  an  efficiency  of  about  20  per  cent  is  obtained  in 
the  large  reverberatory  furnaces  at  Anaconda,  whereas  an  electric 
furnace  for  smelting  copper  ores  that  are  suitable  for  reverberatory 
smelting  would  probably  have  an  efficiency  of  70  per  cent.  Chemi- 
cally, the  only  possible  disadvantage  in  the  use  of  such  a  furnace 
would  be  the  effect  of  the  carbon  of  the  electrodes  upon  the  iron 
oxide  in  the  charge  with  which  the  electrodes  might  come  in 
contact,  and  which  would  result  in  (1)  the  loss  of  electrode;  (2)  the 
production  of  metalUc  iron,  which,  if  metallic  copper  was  desired, 
would  cause  a  low-grade  product,  and  increase  the  cost  of  refining,  or 
if  a  matte  was  desired  might  necessitate  reconcentration;  and  (3)  the 
''oss  of  electrical  energy,  due  to  the  additional  heat  consumed  if  there 
ere  much  reduction  of  iron  by  the  carbon  of  the  electrodes. 


The  concentrates  are  obtained  from  the  concentration  of  conglom- 
erate or  amygdaloid  ores.  Before  concentration  these  ores  contain 
from  1  to  3  per  cent  of  copper  and  some  native  silver.  The  amygdar 
loid  is  lugh  in  silica,  whereas  the  conglomerate  contains  more  iron 
than  silica.    The  milling  treatment  preliminary  to  smelting  consists 

aCaunt,H.  D.,  Coppar  vMlOiit  In  lUeUtui:  Bobool  of  Ula<(Qaart,TaL  33,  ISll.p.aW;  Canidln 
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of  crushing  with  breakers  and  steam  stamps  or  Hardinge  mills  and 
concentration  on  jigs  and  tables  until  a  coarse  concentrate  is  obtained 
containing  60  to  80  per  cent  copper.  Most  of  the  coarse  native  silver 
is  removed  in  concentration.  Large  masses  of  copper  are  cleaned  of 
gangue  and  smelted  directly.  At  one  smelter  these  concentrates  were 
separated  into  three  grades:**  No.  0,  mass  copper,  containing  from  65 
to  70  per  cent  copper;  No.  1,  coarse  concentrate  and  some  mortar 
discharge,  averaging  about  75  per  cent  copper;  and  No.  2,  fine  con- 
centrate, containing  10  to  35  per  cent  copper.  This  research  was 
conducted  on  material  resembling  the  No.  2  grade. 

SMELTING  PBOCEDimE. 

There  are  two  general  methods  of  procedure  in  smelting  these  con- 
centrates. In  one  method  the  mass  copper  and  coarse  concentrate 
are  charged  into  a  reverberatpry  furnace  and  melted  down  without  any 
fluxes;  the  slag  is  skimmed  off  as  fast  as  it  is  formed  and  the  copper 
tapped  into  another  reverberatory  furnace  for  refining.  In  the  second 
method  melting  and  refining  are  carried  on  in  the  same  furnace. 
Formerly  the  fine  concentrate.  No.  2,  was  mixed  with  lime  and 
briquetted  for  smelting  in  the  blast  furnace,  but  now  at  some  smelters 
this  material  is  first  agglomerated  in  a  reverberatory  furnace  and 
later  smelted  in  the  blast  furnace. 

Up  to  1904  the  largest  reverberatory  melting  furnaces  in  operation 
in  the  district  had  a  hearth  area  of  17  by  28  feet  and  a  capacity  of 
200,000  pounds  per  charge,  which,  because  of  the  cycle  of  operation, 
is  practically  the  capacity  for  24  hours.*  At  present  furnaces  are  in 
use  having  a  hearth  area  of  16  feet  by  35  feet  and  a  capacity  of 
300,000  pounds  per  charge.  The  largest  reverberatory  refining  fur- 
naces h,ave  a  hearth  13  feet  wide  by  17  feet  long. 

METHOD  OF  OPERATING  BEVERBEBATORY  FURNACE. 

The  cycle  of  operation  in  smelting  native  ore  is  as  follows: 
A  reverberatory  furnace  is  charged,  say,  at  4  p.  m.,  with  concen- 
trates and  mass  copper.  After  slag  begins  to  form  the  charge  is 
skimmed  every  2  hours  for  a  period  of  15  hours,  after  whicTi  the  bath 
is  oxidized  by  blowing  air  on  it  or  into  it  with  an  iron  pipe  as  a 
carrier  or  tuyftre.  This  oxidation  removes  arsenic  and  other  impu- 
rities and  oxidizes  some  of  the  copper  to  suboxide  of  copper,  Cu,0. 
Ilie  molten  bath  at  this  time  contains  about  95  per  cent  of  metallic 
copper  and  about  5  per  cent  of  cuprous  oxide.  The  oxide  is  then 
reduced  by  poling  with  green  wood  and  charcoal.  Casting  is  com- 
menced about  I  p.  m.  and  finished  about  3  p.  m.  The  furnace  is 
repaired  if  necessary  and* is  ready  for  the  next  charge  at  4  p.  m. 

'  •Thnrestem  metslhirgloftllMil;  copper  fnreltmg^lii  WoUgftn:  H^CIiidXlii&irEiig., vol  11, 1013, p.  U 
^  Aottln,  L.  8.,  lUotnt  copper  wndttnf  %%  Lake  Soporlor:  Eng.  and  Hin.  Jour.,  Tol.'tl,  Jan:  13/  1M% 
P.O. 
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The  completion  of  the  process  of  oxidizing  with  air  is  determined 
by  the  electrical  conductivity  and  fracture  of  a  test  piece.  Copper 
refined  from  native  copper  concentrates  must  be  coarsely  crystaJhne 
to  have  a  conductivity  of  100  per  cent,  whereas  electrolytic  copper 
of  100  per  cent  conductivity  may  be  only  finely  granular.    Poling  is 

complete  when  a  test  button  of  the  metal  sets  with  a  level  surface. 

* 

TREATMENT  OF   SLAGS   FROM   FURNACE. 

The  slags  from  the  reverberatory  furnace  have  a  very  high  copper 
content,  but  if  an  attempt  is  made  to  reduce  it  the  purity  of  the 
product  is  impaired.  The  slags  have  to  be  retreated  in  any  case, 
so  the  percentage  of  copper  in  them  makes  little  difference.  Rever- 
beratory slags  contain  from  10  to  30  per  cent  copper,  the  content 
being  higher  toward  the  end  of  the  skimming  process.  Slag  from 
amygdaloid  ore  is  acid  and  contains  40  per  cent  SiO^  and  20  per  cent 
FeO,  whereas  slag  from  conglomerate  ore  is  basic  and  contains  25 
per  cent  SiO,  and  45  per  cent  FeO. 

These  reverberatory  slags  are  remelted  in  a  low-pressm-e  blast  fur- 
nace with  anthracite  coal  or  coke  as  reducing  agent  and  fuel,  and 
limestone,  iron  oxide,  or  siUca  as  a  flux.  The  furnace  is  run  with  a 
slag  containing  33  per  cent  SiOj,  33  per  cent  FeO,  and  20  per  cent 
CaO,  which  is  a  fusible  and  liquid  slag.  The  slag  runs  continuously 
from  the  fiu^ace  and  contains  0.6  to  0.8  per  cent  copper.  If  the 
production  of  a  cleaner  slag  is  attempted  the  iron  content  of  the 
product  is  increased,  owing  to  the  extra  reducing  material  and  higher 
temperature  used.  The  metal  produced  contains  90  to  95  per  cent 
copper  and  is  retreated  in  a  reverberatory  furnace. 

The  blast  furnace  is  rectangular  in  cross  section,  being  40  to  48 
inches  wide  at  the  tuy feres  and  8  to  12  feet  long.  The  crucible  is 
lined  with  fire  J)rick  incased,  in  a  steel  shell,  and  the  shaft,  which  is 
7  to  10  feet  high,  .consists  of  steel  water  jackets.  No  forehearth  is 
'used.  A  blast  pressure  of  3  to  4  ounces  is  used  with  a  production  of 
about  72  tons  of  copper  per  24  horn's.  With  a  higher  pressiu^e  there 
is  ^eater.  loss  of  copper  in  the  slag,  owing  to  more  rapid  driving  of 
the  furnace. 

The  refined  product  from  the  reverberatory  furnace  is  cast  into 
various  sizes  and  shapes  of  ingots  for  marketing,  but  if  it  contains 
much  silver  it  is  cast  into  anodes  for  electrolytic  refining. 

ieaCMlRIMENTAii  SMEliTING  O^  FINE  MtCHIGAI^  NATIVE 
COPIER  CONCENTRATES  IN  THE  EXJECTRIC  FmElNACE. 

For  the  pinrpose  of  investigating  the  feasibility  of  smelting  fine 
Michigan  native  copper  concentrates  in  the  electric  funiace  instead 
of  the  reverberatory  furnace,  the  following  exp^nments  were  con- 
-ducted  by  the  writers^ 
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The  objects  of  these  experiments  were:  (1)  To  note  the  effect  of 
yariation  of  the  proportions  of  the  three  main  slag  constituenta — 
silica,  ferrous  oxide,  and  lime — on  the  power  consumption,  the  opera- 
tion of  the  furnace,  and  the  purity  of  the  copper  produced;  (2)  to 
ascertain  the  extent  of  iron  oxide  reduction  caused  by  the  graphite 
electrode;  (3)  to  compare  the  results  of  intermittent  smelting  with 
those  of  continuous  smelting;  and  (4)  to  study  the  feasibility  of  using 
the  slag  produced  in  copper  smelting  for  the  manufacture  of  ferro- 
silicon  in  the  electric  furnace. 

QBHEBAL  DESCBIPTION  OF  EZPEBQCENTS. 

The  experiments  were  divided  in  six  series,  based  on  different 
variables  in  the  slag-forming  components  of  the  charge.  Foij-tecn 
experiments  were  made  in  all,  grouped  as  follows:  In  series  1,  the 
sl£^  was  formed  from  the  natural  gangue  of  the  concentrate;  in  series 

2,  the  acidity  of  the  slag  was  varied  by  the  addition  of  silica;  in  series 

3,  the  basicity  of  the  slag  was  varied  by  the  addition  of  Lake  Superior 
hematite;  in  series  4,  lime  was  used  instead  of  iron  ore  as  a  base;  in 
series  5,  the  basicity  of  the  slag  was  varied  by  the  addition  of  lime 
and  hematite;  and  in  series  6,  the  fiuixace  was  charged  at  intervals 
and  kept  full  during  the  run,  and  the  metal  tapped  at  intervals. 

In  all  of  the  experiments  the  furnace  was  operated  as  a  resistance 
furnace  as  far  as  possible  in  order  to  keep  down  the  volatilization  of 
the  copper.  There  was  arcking  at  the  start  of  a  run  before  the  charge 
became  molten,  and  in  several  nms  arcking  occurred  at  intervals 
during  the  experiment,  but  not  for  a  long  period  of  time.  In  all 
experiments,  except  those  of  series  6,  the  furnace  was  charged  inter- 
mittently— that  is,  after  starting  the  charge  was  added  gradually — 
and  all  of  it  was  completely  melted  before  tapping.  As  far  as  pos- 
sible, the  furnace  was  tapped  cleanly  after  each  nm.  Any  slag  left 
in  the  furnace  after  tapping  was  removed  by  balling  in  the  furnace  in 
a  manner  similar  to  that  used  in  the  puddling  process.  Slag  adhering 
to  the  walls  was  allowed  to  remain  there. 

In  the  operation  of  an  experimental  electric  furnace,  except  on  a 
very  small  oc^^e,  where  tapping  can  not  be  done,  it  is  not  advisable  to 
go  to  extremes  to  obtain  an  absolutely  clean  discharge  of  the  molten 
products.  To  remove  entirely  all  metal  and  slag,  especially  slag,  one 
of  two  procedures  must  be  followed:  Either  the  charge,  after  becom- 
ing molten,  is  superheated  to  remelt  any  material  that  has  adhered 
to  the  cooler  parts  of  the  walls,  or,  when  the  furnace  has  cooled  off, 
this  material  is  chiseled  off.  Either  procedure  results  in  a  partial  or 
complete  destruction  of  the  furnace  lining,  making  a  new  one  neces- 
sary. If  the  charge  is  superheated,  the  high  temperature  results  in 
the  brick  walk  becoming  pasty  and  gradual  dripping  of  the  softened 
brick  into  the  slag.    One  brick  may  be  more  exposed  than  the  others 
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and  gradually  be  completely  melted,  and,  aside  from  causing  injury 
to  the  lining,  materially  alter  the  composition  of  the  slag. 

The  prolonged  heating  may  also  cause  volatilization  of  the  copper, 
although  this  is  not  so  likely  to  occur  after  the  copper  has  been 
smelted  down  and  covered  with  a  bath  of  slag,  as  during  the  melting 
period.  The  prolonged  heating  also  caused  a  much  higher  power 
consumption  than  would  occur  in  practice,  as  in  practice  the  accretions 
and  the  hangings  would  not  adffect  this  item  after  the  furnace  was 
running  regularly  and  continuously.  Chisehng  out  the  furnace  is 
impractical,  because  of  the  time  consumed  and  on  accoimt  of  the 
destruction  of  the  lining.  For  these  reasons  the  furnace  was  built 
with  a  high  degree  of  slope  on  the  bottom  toward  the  tap  hole,  and 
tapped  as  cleanly  as  possible  through  this  hole.  As  a  result,  some  of 
the  runs  show  a  considerable  deficiency  in  the  quantity  of  metal 
tapped  as  compared  with  the  calculated  amount  in  the  chaise,  and 
some  an  excess;  although  the  greatest  discrepancy  is  in  the  slag.  In 
some  runs  the  amount  of  material  tapped  checks  very  closely  with 
that  charged. 

DESCBIPTION  OF  FUBNACB  USED. 

An  electric  furnace  of  the  Siemans  type  is  the  best  suited  for 
laboratory  experimental  smelting  of  ores.  A  furnace  of  this  type,  as 
shown  in  figures  1  and  2,  was  used  in  these  experiments. 

The  furnace  had  a  square  crucible,  m,  lined  with  fire  brick.  The 
current  passed  into  the  crucible  through  an  upper  graphite  electrode, 
n,  then  through  the  charge,  and  then  through  another  graphite 
electrode,  o,  placed  in  the  bottom  of  the  furnace,  which  was  made  of 
carbon.  The  exterior  shell  of  the  furnace  was  of  fire  brick.  The 
bricks  were  held  together  by  iron  bands,  which  could  be  adjusted  for 
expansion.  The  crucible  was  roofed  with  fire-clay  tiles  during  some 
experiments,  in  others  the  roof  was  discarded.  The  upper  electrode 
was  himg  so  as  to  extend  vertically  into  the  center  of  the  crucible. 
No  attempt  was  made  to  keep  the  joints  in  the  roof  tight,  so  that 
gas  escaped  aroimd  the  electrode.  Part  of  the  tile  roof  was  put  on 
before  charging  and  the  opening  was  completely  closed  when  all  of 
the  charge  had  been  added.  There  was  one  tap  hole  at  the  bottom 
of  the  crucible,  in  the  middle  of  one  side. 

THE  CRUCIBLE. 

The  crucible  was  11  inches  square  and  its  walls  were  vertical.  The 
carbon  bottom  was  tapered  up  about  4  inches  aroimd  the  walls,  so 
that  the  lowest  part  of  the  bottom  was  about  4  inches  square.  The 
depth  of  the  crucible  was  15  inches  on  the  average,  but  varied  a 
little  with  different  linings.  The  total  voliune  of  the  crucible  was 
approximately  1,600  cubic  inches,  but  this  was  varied  slightly  from 
time  to  time  as  convenient. 

49884<>— Bull.  81—15 2 
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WAIX8  ANB  CEUCIBLE  SUPPOET. 

The  crucible  was  supported  on  an  arch  of  fire  brick  set  on  two 
brick  bases,  each  2  feet  7  inches  by  9  inches  in  section,  and  10  inches 


high  to  the  base  of  the  arch.  The  arch  was  of  1  foot  1  inch  span. 
The  outside  dimensions  of  the  furnace  at  the  bottom  were  2  feet  7 
inches  by  2  feet  7  inches.  These  dimensions  extended  up  to  a  height 
1  foot  8  inches  above  the  floor,  on  a  level  with  the  end  of  the  tap  hole, 
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which  was  4  inches  lower  than  the  bottom  of  the  crucible.  The 
brick  walls  siuroimding  the  crucible  were  2  feet  5  inches  Bquore  and 
1  foot  6  inches  high,  making  the  total  height  of  the  furnace  3  feet  2 
inches.  An  iron  plate  would  have  been  better  than  the  arch  of  brick, 
but  to  have  procured  one  would  have  involved  considerable  expense 
and  loss  of  time. 

BLBCTBODES    AND  HOLDEK5. 

The  upper  electrode  was  of  Acheson  graphite  and  was  2  inches 
square  and  36  inches  long.  The  lower  electrode  was  of  the  same 
cross  section  and  material  but  was  18  inches  long.  The  part  above 
the  top  of  the  arch  was  embedded  in  a  mixture  of  ground  electrode 
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stumps,  or  coke,  made  plastic  with  tar.  This  material  covered  the 
upper  end  of  the  electrode  to  a  depth  of  I  inch  and  extended  up  on 
the  walls  of  the  furnace.  The  lower  end  projected  below  the  arch  to 
within  5  inches  of  the  floor.  The  electrode  was  supported  at  first 
by  an  iron  clamp  embedded  in  the  bricks  but  later  simply  by  pressure 
of  the  bricks  and  the  carbon  mass  around  it.  The  cross-sectional 
area  of  the  electrode  was,  of  course,  4  square  inches.  Current  was 
conducted  to  the  electrode  by  two  insuhited  copper  cables  1  inch 
in  diameter.  The  cables  extended  30  feet  to  four  copper  bus  bars 
4  inches  by  1  inch  in  cross  section,  which  extended  30  feet  to  the 
switchboard  where  all  electrical  readiogs  were  taken. 
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The  upper  electrode  holder  consisted  of  two  iron  plates  4  inches 
wide  by  8  inches  long  bolted  together  around  the  electrode.  Diu'ing 
some  of  the  experiments  this  holder  was  connected  to  the  circuit  by 
a  plate  which  held  the  loose  wire  of  the  connectmg  cable  against  the 
holder.  This  connection  did  not  work  well  with  high  amperages, 
owing  to  short  circuits  burning  out  the  wires  and  on  account  of  the 
heating  of  the  holder  from  the  heat  of  the  crucible.  Later  a  copper 
plate  3  inches  wide  and  9  inched  long  was  bolted  to  the  iron  holder 
and  connected  at  the  other  end  with  a  lug  soldered  in  the  cable. 
This  arrangement  gave  complete  satisfaction,  as  the  lug  was  far 
enough  from  the  crucible  to  prevent  melting  of  the  solder.  The 
bottom  connection  was  made  by  clamping  the  loose  ends  of  the  cable 
between  the  holder  and  a  plate  bolted  to  the  holder,  as  was  first  used 
for  the  upper  holder. 

RSaULATINa  DBYICB. 

The  upper  electrode  was  suspended  by  flexible  copper  wire,  running 
over  a  pulley  attached  to  a  steel  crosspiece,  which  was  set  on  a  wooden 
framework  7  feet  6  inches  high.  The  wire  was  then  woimd  around 
a  loose  horizontal  pipe,  set  at  the  rear  of  the  furnace,  and  the  electrode 
coimterbalanced  by  attaching  weights  to  the  wire.  This  makes  a 
simple  and  satisfactory  device  for  hand  regulation  of  electrodes  in 
small  furnaces,  very  close  adjustment  being  possible. 

For  holding  tight  the  upper  section  of  the  furnace,  2-inch  channel 
irons  were  set  on  the  comers  and  aroimd  them  were  placed  two 
1-inch  strips  of  sheet  iron. 

APPABATXTS  AND  INSTBI7MBNTS. 

Single-phase  current  was  received  in  the  laboratory  at  a  voltage 
which  could  be  varied  on  the  primary  side  from  440  to  550  volts  with 
a  frequency  of  60  cycles.  The  voltage  was  stepped  down  by  a  75  kilo- 
volt  ampere,  single-phase  transformer.  The  primary  windings  of  the 
transformers  were  so  adjusted  and  connected  with  switches  and  a 
voltage  regulation  box  that  the  voltage  could  be  regulated  within 
three  ranges,  as  follows:  High  voltages,  ranging  from  120  to  300  volts, 
by  12- volt  steps;  medium  voltages,  60  to  150  volts,  by  6-volt  steps; 
and  low  voltages,  30  to  75  volts,  by  3-volt  steps.  On  the  primary  side 
there  was  a  300-ampere  rheostat  and  a  main  switch  fitted  with  a 
spring.  On  the  secondary  side  there  were  two  main  switches  and 
numerous  voltage  regulation  switches. 

The  instruments  used  in  taking  readings  were  a  Thomson  high- 
torque,  watt-hour  meter  set  in  the  primary  circuit;  a  Keystone  indir 
eating  wattmeter,  with  a  range  of  100  kw.,  connected  in  the  primary 
circuit ;  two  Keystone  alternating-current  ammeters,  with  a  range  of 
'00  amperes,  connected  in  the  primary  circuit,  and  a  Keystone  alter- 
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nating-curreiit  voltmeter,  the  lower  scale  having  a  range  of  100  volts 
and  the  upper  scale  a  range  of  500  volts,  connected  for  both  primary 
and  secondary  circuits.  These  instruments  were  set  on  a  switch- 
board so  situated  that  the  ciurent  was  conducted  from  60  to  80  feet 
by  bus  bars  and  cables  to  the  fiunace. 

Tappings  were  made  in  cast-iron  molds,  19  inches  long  by  5  inches 
wide  at  the  top,  17  inches  long  by  3^  inches  wide  at  the  bottom,  and 
4i  inches  deep,  with  sloping  sides  1  inch  thick. 

CONCENTBATES  SMEIiTED. 

The  concentrates  treated  were  practically  subdivisions  of  grade  No. 
2,  previously  mentioned,  and  will  be  designated  as  No.  3  and  No.  4. 
The  cofu:ser  of  the  two  grades.  No.  3,  is  obtained  by  concentrating  ore 
as  follows:  The  rock  is  crushed  with  Blake  breakers,  stamped  imder  a 
steam  stamp;  passed  through  a  trommel  with  ^-inch  openings  to  a 
hydraulic  classifier  and  to  two  jigs  in  series,  the  tailings  from  the 
last  jig  passing  over  a  Wilfley  table^  the  product  of  the  table  being 
grade  No.  3.  The  overflow  from  the  hydraulic  classifier  is  conducted 
to  a  settling  tank,  and  the  slimes  obtained  are  then  treated  upon  a 
Card  table,  which  gives  grade  No.  4.  The  copper  in  grade  No.  3  was 
rather  coarse  and  plainly  visible;  in  No.  4  it  was  so  fine  that  it  could 
be  detected  only  with  difficulty  by  the  naked  eye,  although  by  panning 
it  was  very  easily  concentrated  to  an  appreciable  extent.  There  was, 
however,  considerable  loss  by  sliming. 

The  sieve  analyses  of  these  concentrates  are  as  follows: 

Sieve  analyses  of  Michigan  copper  concentrates. 


Fineziess. 


Len  than  lO-ausfa 

10  to  ao  mesh. 

ao  to  40  mesh. 

40  to  00  mesh. 

00  to  80  mesh. 

80  to  100  mesh..... 
OyerlOO-mesh..., 


No.  3. 


vv«  VD 


I 


No.  4. 


Percent. 

PereenL 

0.80 

0.03 

6.33 

1.38 

14.20 

8.32 

9.90 

3.13 

8.37 

4.05 

29.14 

19.88 

32.22 

63.19 

99.96 


The  great  difference  in  the  fineness  of  the  two  grades  is  apparent 
from  these  analyses,  87.12  per  cent  of  No.  4  passing  through  a  60- 
mesh  sieve,  whereas  only  69.73  per  cent  of  No.  3  passed  60  mesh. 
The  fineness  of  the  material,  especially  that  of  the  copper,  seemed  to 
affect  the  results  obtained  in  the  experiments. 

The  silica  used  was  a  ground  quartzite  containing  96.82  per  cent 
SiOs-  The  lime  was  from  a  limestone  containing  63.2  per  cent  CaO 
and  5.7  per  cent  A^O.  A  hematite  ore  of  the  analysis  given  below 
was  used  as  a  flux. 
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The  chemical  analyses  of  the  concentrates  and  of  the  hematite 
were  as  follows: 

Chemical  analyses  of  concentrates  and  hematUe. 


Constitueiit. 

Concentrate 
No.  8. 

Concentrate 
No.  4. 

Hematite. 

Cu 

Percent, 

37.35 

33.33 

16.40 

8.78 

6.18 

1.09 

0.056 

Percent. 

25.36 

26.02 

21.60 

12.40 

6.98 

1.09 

0.006 

Percent. 

SIOs 

6.19 

FfO 

AliOj 

1.22 

CaO 

0.90 

MrO 

0.16 

flcV.\;:::::::::::. :::::::.:.: : : 

p 

0.61 

Pe .* , 

0.30 

0.60 

61.68 

Mn - -  -  -  - 

0.40 

As  may  be  seen  from  the  above  analyses,  both  grades  of  concen- 
trates were  rather  high  in  alumina.  The  iron,  silica,  and  alumina 
were  so  proportioned  in  each  as  to  give  a  rather  infusible  slag.  The 
concentrates  were  not  uniform  in  composition,  the  analyses  given  be- 
ing the  average  from  several  samples.  This  variation  in  composi- 
tion of  the  concentrate  affected  the  results  in  some  experiments  in 
that  the  calculated  amount  of  copper  in  the  charge  and  that  tapped 
do  not  check  well. 

PROBLEMS   OF   ELECTBIC    SMELTINa   OF   NATIVE    COPPEB   COV- 

CENTBATES. 

Before  describing  the  experiments,  some  of  the  problems  that  arise 
in  connection  with  the  smelting  of  native  copper  concentrates  in  the 
electric  furnace  will  be  discussed. 

As  previously  stated,  the  treatment  of  these  concentrates  consists 
of  a  melting  operation  and  the  separation  of  the  metallic  copper  and 
gangue  by  reason  of  the  difference  in  their  specific  gravities. 

LOSS  OP  COPPER. 

The  loss  of  copper  by  slagging  and  volatilization  depends  upon  the 
melting  po.int,  fluidity,  and  specific  gravity  of  the  slag.  The  slag 
should  have  as  low  a  melting  point  and  be  as  fluid  as  possible  in  order 
to  prevent  volatilization  of  the  copper.  In  the  electric  furnace  there 
is  always  a  tendency  for  the  furnace  to  develop  a  higher  temperature 
as  the  melting  point  of  the  charge  is  raised,  so  that  charges  which 
could  not  be  treated  in  an  ordinary  metallui^cal  furnace  are  easily 
smelted.  For  this  reason  the  furnace  must  be  watched  to  keep  the 
temperature  low  in  treating  easily  volatilized  metals.  As  long  as 
there  is  slag  covering  the  metal  in  an  electrode  furnace  the  loss  is  not 
excessive,  but  with  an  arc  and  no  slag  the  copper  is  rapidly  volatil- 
';ed  or  oxidized. 
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The  loss  of  copper  in  the  slag  depends,  as  stated  above,  on  the 
fluidity  and  specific  gravity  of  the  slag.  The  loss  in  treating  native 
copper  concentrates  in  the  electric  furnace  is  practically  entirely  due 
to  mechanical  loss  of  minute  metallic  globules  that  are  carried  off 
because  of  imperfect  settling.  A  fluid  and  liquid  slag  of  low  specific 
gravity  prevents  such  loss. 

REDUCTION  OF   IRON  OXIDE. 

The  only  reducing  material  present  in  the  electric  furnace  during 
a  simple  melting  operation  would  be  the  carbon  of  the  electrode. 
As  a  result,  the  reducing  action  need  not  be  very  strong  in  operating 
an  electric  furnace  for  this  puipose.  If  the  slag  has  a  low  melting 
point,  there  is  no  reason  why  the  reduction  of  FeO  to  metallic  iron 
should  be  excessive.  This  factor  would  have  greater  influence  in  a 
small  furnace  than  in  a  large  furnace,  where  the  electrode  area  ex- 
posed to  the  charge  would  not  be  so  great  in  proportion  to  the  amount 
of  material  charged.  In  order  to  lower  the  reducing  action,  the  tem- 
perature should  be  kept  as  low  as  possible  and  still  give  a  fluid  slag. 
Also  in  the  electric  furnace  the  effect  of  the  base  used  to  flux  the 
silica  may  result  in  a  decreased  reduction  of  FeO. 

DESCRIPTION  OF  EXPERIMENTS. 
SMELTING  CONCENTRATE   NO.  4   WITHOUT  FLUX. 

Two  experiments  were  made  in  which  No.  4  concentrate  was  smelted 
without  the  addition  of  anything  to  flux  the  gangue,  the  results  of 
which  are  shown  in  Table  2,  experiments  Nos.  1  and  2. 

EXPERIMENT  NO.  1. 

Before  experiment  No.  1  was  begun  the  furnace  was  heated  with 
gas  for  an  hour  and  a  half  to  bum  the  tar  out  of  the  lining.  The 
furnace  was  then  filled  with  concentrate,  and  the  current  turned  on. 

Throughout  the  experiment  the  furnace  did  not  run  well  and  it 
was  difficult  to  keep  it  from  arcking  at  times.  A  green  flame  burned 
at  the  top,  due  to  the  oxidation  of  some  of  the  copper.  Carbon 
monoxide  gas  was  also  given  off,  due  to  the  partial  oxidation  of  the 
electrode. 

In  about  one  hour  the  charge  was  ready  for  tapping.  Instead 
of  tapping  into  an  iron  mold,  as  was  done  in  later  experiments,  the 
charge  was  tapped  into  a  mold  made  of  bricks.  The  furnace  did 
not  tap  well,  because  the  bottom  had  settled,  so  that  some  metal 
was  left  in  the  furnace,  and  was  later  removed  by  chiseling. 

No  copper  could  be  seen  in  the  slag  except  at  the  bottom  of  the 
mold,  where  small  pellets  had  concentrated.  The  slag  flowed  out 
of  the  furnace  readily,  but  was  a  little  thick,  and  had  a  glassy  appear- 
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ance  when  cold.  Some  of  the  carbon  bottom  came  up  and  mixed 
with  the  slag  in  a  semif  used  mass.  There  was  not  enough  tar  mixed 
with  the  carbon  to  make  it  set  properly. 

The  metal  contained  so  much  iron  that  it  could  be  seen  with  the 
naked  eye.  Under  the  microscope,  iron,  copper,  and  blowholes  were 
visible,  but  no  cuprous  oxide. 

BZPBRIMBNT  NO.  2. 

.  The  fvumace  was  hot  when  run  No.  2  was  started.  The  furnace 
tapped  cleanly,  the  slag  was  glassy  and  rather  thick,  but  flowed  from 
the  furnace.  It  was  free  from  shots  of  metal.  One  brick  in  the  fur- 
nace was  eaten  out  by  the  slag;  The  metal  showed  the  same  char- 
acteristics as  that  from  run  No.  1. 

VARYING  THE  AdDITY  OF  THE   SLAG   WITH   SILICA. 

Five  experiments  were  made,  using  varying  amounts  of  silica  for 
the  piurpose  of  noting  the  general  effect  of  a  very  acid  slag.  Slags 
Nos.  3,  4,  5,  6,  and  7  (see  Table  2)  were  made  in  this  manner.  In  aJl 
of  these  experiments  No.  4  concentrate  was  used  with  silica  as  a 
flux. 

EXPERIMENT  NO.  3. 

In  experiment  No.  3,  the  furnace  was  started  cold.  The  furnace 
ran  well,  almost  entirely  as  a  resistance  furnace.  The  green  flame 
noted  in  the  two  previous  experiments  was  present.  The  lining  was 
in  such  poor  condition  that  the  metal  could  not  be  tapped,  but  was 
removed  after  coolmg.  The  slag  was  viscous  and  very  glassy,  but 
flowed  from  the  furnace.  The  metal  showed  iron  and  blowholes,  but 
no  cuprous  oxide. 

EXPERIMENT  NO.   4. 

In  experiment  No.  4,  the  furnace  was  hot  from  the  previous  run. 
The  furnace  ran  well  throughout  the  run,  as  a  resistance  furnace. 
The  slag  was  viscous  and  very  glassy,  but  flowed  from  the  furnace. 
No  iron  or  cuprous  oxide  were  visible  in  the  metal,  but  it  contained 
some  blowholes. 

EXPERIMENT  NO.  6. 

Before  beginning  experiment  No.  5  the  furnace  was  relined  and 
heated  with  the  air  to  bum  out  the  tar  in  the  lining.  The  charge  was 
slow  in  melting  and  shots  of  metal  floated  in  the  slag.  On  tapping, 
these  seemed  to  settle  toward  the  bottom  of  the  mass.  The  slag  was 
very  thick  and  glassy,  but  flowed  fiom  the  furnace.  During  the  run, 
the  furnace  was  operated  entirely  as  a  resistance  furnace.  The  metal, 
on  being  tapped  into  two  round  ladles  used  for  molds,  froze  and  had 
to  be  melted  out.  This  accoimts  for  the  abnormally  high  percentage 
of  iron  in  the  metal. 
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Under  the  microscope  iron  and  blowholes  were  clearly  visible,  but 
no  cuprous  oxide. 

EXPERIMENT  NO.  6. 

At  the  start  of  experiment  No.  6  the  furnace  was  cold.  The  power 
supply  was  very  unsteady,  being  off  for  18  minutes  throughout  the 
run.  On  tapping,  the  slag  was  thick  and  glassy,  but  flowed  from  the 
furnace,  and  no  copper  could  be  seen  which  did  not  settle  out.  There 
was  a  large  amount  of  iron  visible  in  the  metal  under  the  microscope, 
but  it  was  present  m  a  more  dendritic  form  than  in  previous  experi- 
ments.    No  cuprous  oxide  was  formed. 

EXPERIMENT  NO.  7. 

In  experiment  No.  7  the  furnace  was  hot  before  charging.  The 
slag  was  sticky  and  thick,  but  flowed  from  the  furnace  and  was  free 
from  shots.  Under  the  microscope  very  Kttle  iron  could  be  seen  in 
a  section  of  the  metal,  and  no  cuprous  oxide  at  all.  The  metal  was 
also  comparatively  free  from  blowholes. 

VARYING  THE   BASICITY  OF  SLAG   WITH  HEMATTTB. 

In  experiments  No.  8  and  No.  9  (Table  2)  hematite  was  used  to 
note  the  effect  of  a  more  basic  slag  and  the  value  of  iron  oxide 
as  a  flux  in  comparison  with  lime. 

EXPERIMENT  NO.  8. 

In  experiment  No.  8  the  furnace  was  hot  before  charging.  The 
furnace  acted  better  than  in  previous  runs,  probably  because  of  the 
slag  being  more  fusible.  The  slag  was  veiy  fluid  on  tapping.  It 
was  of  a  dull  basic  appearance  and  free  from  shots  of  copper.  Neither 
iron  nor  cuprous  oxide  was  visible  in  the  metal  under  the  microscope. 


EXPERIMENT  NO.  9. 


The  furnace  was  cold  at  the  beginning  of  experiment  No.  9.  The 
slag  was  dull,  basic,  and  very  fluid  and  was  free  from  shots  of  metal. 
Neither  iron  nor  cuprous  oxide  was  visible  in  the  metal. 

VAKYING  THE   BASICITY  OP  THE   SLAG  WITH   LIMESTONE. 

EXPERIMENT  NO.  10. 

In  experiment  No.  10  limestone  was  used  as  a  flux.  The  furnace 
was  hot  at  the  start  and  operated  weU  throughout  the  run.  The 
slag  was  very  fluid  and  basic  and  was  free  from  shots  of  metal. 
A  very  little  iron  was  visible  under  the  microscope,  but  no  cuprous 
oxide.    The  power  consumption  was  very  low. 
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VARYING  THE  BASICITY  OP  THE  SLAG  WITH  LIMESTONE  AND  HEMATITE. 

In  experiments  No.  11,  No.  12,  and  Np.  13  the  basicity  of  the  slag 
was  changed  by  using  both  limestone  and  hematite  and  was  increased 
as  far  as  was  considered  practical. 

EXPERIMENT  NO.  11. 

In  experiment  No.  11  the  furnace  was  started  cold.  The  slag 
was  very  fluid  and  boiled  out  of  the  top  of  the  furnace  considerably. 
Iron  was  distributed  rather  evenly  throughout  the  metal  as  dendrites, 
but  no  cuprous  oxide  could  be  detected. 

EXPERIMENT  NO.  12. 

The  furnace  was  cold  at  the  start  of  experiment  No.  12.  During 
the  run  fine  globules  of  copper  floated  in  the  slag,  which  boiled 
out  of  the  furnace  considerably.  There  was  so  much  of  this  boiling 
and  sKpping  of  the  charge  that  some  of  the  limestone  dust  was 
carried  off  by  the  gases.  The  slag  was  a  Kttle  thick  and  sticky, 
but  flowed  readily  from  the  furnace.  Very  fine  dendrites  of  iron  were 
visible  in  the  metal,  but  there  appeared  to  be  no  cuprous  oxide. 

EXPERIMENT  NO.  13. 

Experiment  No.  13  was  started  with  a  hot  furnace,  but  a  rather 
sticky  and  thick  slag  was  produced,  which  boiled  and  slipped  so 
much  that  there  was  considerable  loss  of  limestone  and  ore  dust. 
There  were  shots  of  metal  in  the  top  of  the  slag  in  the  furnace,  but 
these  settled  out  in  the  mold.  Under  the  microscope  only  a  few 
pieces  of  iron  were  visible  in  the  metal  and  no  cuprous  oxide. 

CONTINUOUS   SMELTING. 

EXPERIMENT  KO.  14. 

In  experiment  No.  14  concentrate  No.  3,  with  lime  as  a  flux, 
was  charged  at  intervals  so  as  to  keep  the  furnace  full,  and  three 
tappings  were  made  during  a  run  of  2  hours  and  40  minutes.  The 
furnace  operated  well  and  very  Kttle  gas  was  given  off,  so  long 
as  the  top  of  the  charge  was  not  fused. 

When  the  bath  was  tapped,  considerable  material  hung  on  the  walls. 
The  slags  were  very  fluid,  but  the  first  two  tapped  contained  consider- 
able metal  because  of  semifluid  material  running  out  of  the  furnace 
with  the  slag.  No  iron  or  cuprous  oxide  could  be  detected  in  the 
metal  from  any  of  the  tappings. 


SMELTING  OP   NATIVB  COPPBE  ORES. 


27 


BE  STILTS  OF  EXPERIMENTS. 


The  results  of  each  experiment  were  tabulated  as  shown  in  Table  1 , 
which  gives  the  results  of  experiment  No.  10  in  detail. 

Table  1. — Results  of  smelting  concentrate  No.  S  with  limestone  fltuCj  experiment  No.  10, 


Time. 

Amperes. 

Volts. 

KUo- 
watts. 

Power 
factor. 

• 

Remarks. 

P.m. 
12.35 
12.40 
12.46 
12.50 
12.55 

500 
630 
680 
600 
580 

70 
72 
71 
78 
80 

33 
45 
48 
46 
46 

94.3 
98.8 
99.2 
98.0 
99.0 

Furnace  started  hot  after  experiment  No.  9. 

Charge  all  added  at  12.37  p.  m. 

All  fused  at  12.46  p.  m. 

Shots  of  metal  in  upper  part  of  slag. 

Tapped.    Slag  fluid  and  firee  ^m  shots. 

Charee: 

Mk»hipm  oonoentrate  No.  3,  pounds 22. 0 

Limestone,  ixmnds 2.2 

Length  of  run,  minutes 20 

Mean  volts  In  the  furnace 74 

Mean  amperes  on  the  furnace. 598 

Mean  kilowatts  on  the  furnace 44 

Mean  power  factor  of  circuit 97 

Kilowatt-hoais. 14.4 

Electrode  consumption  per  pound  of  metal  tapped,  pounds ^ 052 

Electrode  consumption  par  ton  of  charge  smelted,  pounds 28. 2 

Calculated  weight  of  copper,  pounds 8. 21 

Weight  of  metfu  tapped,  pounds 8. 13 

Weight  of  slag  tapped,  pounds 16. 09 

Loss  of  copper  in  the  slag,  per  cent 33 

Copper  unaccounted  for,  per  cent. 3. 17 

Total  loss  of  copper,  per  cent 3. 50 

KHowatt-hours  per  pound  of  metal  tapped 1. 77 

KHowatt-yearsper  tonof  ore  smelted 15 

Kilowatt-years  per  ton  of  charge  smd  ted 135 

Amdysis  of  metal: 

Copper,  per  cent 97. 13 

Iitm,  per  cent 2.50 

Bulpnur,  per  cent 35 

Arsenic,  per  cent 02 

Analysis  of  siag: 

Cii.I>erceDt. 17 

SiOj,  per  cent 35. 82 

CaO.  per  cent 15. 45 

MgO,  per  cent 7. 09 

FeO,  per  cent 25.20 

AlsOt,  per  cent 17. 10 

Reuahks.— On  examining  a  microscopic  section  of  the  metal,  after  etching  with  picric  acid,  a  few  spots 
of  dendritic  ircm  could  be  seen,  but  no  cuprous  oxide. 

The  complete  results  of  experiments  1  to   14  are  tabulated  in 
Table  2. 
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DISCUSSION  OF  BBSULTS. 

As  previously  stated,  the  three  most  important  points  for  con- 
sideration are:  (1)  The  loss  of  copper  by  slagging,  volatilization,  or 
by  dust  being  carried  off  in  the  gases;  (2)  the  reduction  of  the  iron 
oxide  to  metallic  iron  which  enters  the  copper;  and  (3)  the  power 
ooDsnmption  and  general  operation  of  the  furnace. 

All  of  these  factors  are  largely  affected  by  the  melting  point  of 
the  slag  and  the  temperature  necessary  to  make  it  liquid  enough  to 
flow  readily  from  the  furnace.  The  results  obtained  from  the 
experiments  just  described  can  be  used  as  a  basis. for  discussion  in 
considering  the  commercial  application  of  the  electric  furnace  to 
the  smelting  of  these  concentrates. 

COPPER  LOSSES. 

In  order  to  have  a  uniform  basis  for  comparing  the  results  obtained 
by  varying  the  silica,  lime,  and  ferrous  oxide  contents  of  the  slag, 
the  oxygen  ratios  of  the  varioiis  slags  were  computed  and  tabulated. 
In  doing  this  alumina  was  considered  as  a  base.  Of  course  the 
results,  considered  on  this  basis,  do  not  show  conclusively  that  a 
slag  of  a  certain  oxygen  ratio  gives  the  best  residts,  because  the  high 
percentage  of  alimiina  in  the  slag  varied  considerably,  owing  to 
melting  of  the  brick  in  the  furnace  lining.  That  is,  the  effect  of 
ahimina,  when  substituted  for  another  base,  on  the  fluidity  of  the 
slag  is  not  shown  completely. 

The  oxygen  ratios  of  the  different  slags  and  the  copper  losses  in 
the  different  tests  were  as  follows: 

Losses  of  copper  with  different  slags. 


Ore  smeltad. 

Fluxuaed. 

Oxygen 
ratio  of 

/AcidOx 
UasicO/ 

Propor- 
tion of 
copper 
insmg. 

Proportion  of  copper  lost. « 

Ex- 

part; 

No. 

Losses 
in  slag. 

Losses 
by  vola- 
tilization, 
in  hang- 
ing pieces, 
and  in 
dust. 

Total. 

4 

CoDcentrato  No.  4. 
do 

Silica 

1.97 

1.85 

1.60 

L59 

1.28 

LIO 

.87 

1.44 

.93 

.91 

.82 

.70 

Percent. 
0.23 
.40 
.15 
.10 
.15 
.23 
.20 
.15 
.24 
.17 
.46 
.54 

Percent. 
0.88 
.97 
.48 
.40 
.42 
.87 
.59 
.26 
.22 
.33 
.85 
.54 

Percent. 
17.65 

Percent. 
18.53 

1 

None 

5 

<to 

Silica V 

56.40 
48.30 
49.20 
36.90 
35.25 

7.22 
12.03 

3.17 
16.41 
11.62 

56.88 

7 

do 

do 

48.70 

A 

;::::do:::::::::::: 

do 

49.62 

2 

•  •  .  •  .do. ..  ......... 

None 

37.77 

9 

....  .do. ........... 

Hematite 

35.84 

s 

Concentrate  No.  3. 

do 

7.48 

12 

Limestone  and  hematite 
Limestone 

12.25 

10 

do 

3.50 

13 

Limestone  and  hematite 
do 

17.26 

11 

do 

12.16 

a  Computed  on  basis  of  total  copper  in  ore. 
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BZPBBIMENT8  WITH  CONCENTRATE  NO.  4. 


From  the  table  it  is  evident  that  as  the  acidity  of  the  slag  is  de- 
creased for  concentrate  No.  4  there  is  a  gradual  decrease  in  the  per- 
centage of  copper  in  the  slag  until  a  slag  having  an  oxygen  ratio  of 
1.59  is  reached,  when  the  loss  rises  slightly  and  remains  miiform  with 
fm*ther  increase  of  basicity.  Concentrates  No.  3  and  No.  4  are  con- 
sidered separately  because  of  the  higher  alimiina  and  lower  copper  con- 
tent in  No.  4.  The  oxygen  ratio  does  not  vary  directly  with  composi- 
tion of  the  charge,  because  some  of  the  slag  from  previous  runs  and 
some  of  the  lining  entered  the  slag.  The  ratio  1.59,  at  which  the  per- 
centage of  copper  in  the  slag  reaches  the  lowest  point  (0.10  percent), 
corresponds  to  that  of  a  slag  containing  48  per  cent  SiO,,  9  per  cent 
CaO,  1.84  per  cent  MgO,  26.25  per  cent  FeO,  and  14.99  per  cent  Al^O,- 
With  this  ratio  the  lowest  percentage  of  losses  in  the  slag  from 
No.  4  concentrate,  on  the  basis  of  total  copper  in  the  ore  charged, 
occurred.  The  percentage  of  copper  imaccoimted  for  was  high, 
however,  though  in  all  experiments,  except  where  noted,  the  furnace 
was  tapped  practically  clean,  except  for  what  slag  stuck  to  the  wall  in 
spots.  This  unaccounted  for  loss  may  be  considered  as  largely  due  to 
volatilization,  dust  loss,  and  hanging  of  the  charge.  To  be  on  the 
safe  side,  all  imaccoimted  for  loss  will  be  considered  as  volatilization 
and  dust  loss,  although  in  a  small  furnace,  without  tearing  out  the 
lining,  10  per  cent  of  hanging  charge  would  not  be  excessive.  The 
totalloss  of  copper  in  experiment  No.  7,  including  copper  unaccounted 
for — that  is,  copper  lost  by  volatilization,  as  dust,  and  by  hanging  of 
the  chaise,  and  the  copper  loss  in  the  slag — ^was  48.7  per  cent. 

A  further  study  of  the  results  of  lowering  the  acidity  of  the  slag 
shows  that  although  there  is  an  increase  in  the  percentage  of  copper 
<in  the  slag  it  is  not  excessive,  and  that  there  is  a  considerable  decrease 
in  the  percentage  of  copper  lost  in  dust  or  by  volatilization.  With 
an  oxygen  ratio  of  0.87,  the  percentage  of  copper  in  the  slag  is  0.20 
per  cent,  the  percentage  of  total  copper  charged  that  was  lost  in  slag 
is  0.59  per  cent,  the  copper  unaccounted  for  is  35.25  per  cent,  and  the 
total  loss  of  copper  35.84  per  cent.  The  slag  resulting  from  experi- 
ment No.  4  shows  the  eflFect  of  a  low  percentage  of  alimoiina  in  a 
marked  manner.  This  slag  has  an  oxygen  ratio  of  1.97,  greater  than 
any  of  the  others,  but  the  loss  by  volatilization  and  in  dust  is  less  than 
in  any  other  experiment  with  No.  4  concentrate,  being  17.65.  The 
slag  contained  0.23  per  cent  copper,  the  total  loss  being  18.53  per 
cent  of  the  copper  contained  in  the  quantity  of  ore  charged.  Tins 
slag  contained  51.1  per  cent  SiO,,  8.78  per  cent  CaO,  2.03  per  cent 
MgO,  25.5  per  cent  FeO,  and  only  10.45  per  cent  of  Al^Oj.  The  cause 
of  the  decrease  in  the  alimiina  content  was  not  apparent.  This  evi- 
dently lowered  the  melting  point  considerably,  so  that  less  copper 
was  volatilized. 
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The  slag  loss  of  copp*er  was  low  in  all  of  the  experiments  with  No.  4 
concentrate  and  the  loss  by  volatilization  and  in  dust  was  high. 
These  two  losses,  the  writers  believe,  can  be  eliminated.  The  mate- 
rial used  was  much  finer  than  No.  3  concentrate,  as  -shown  by  the 
analysis  on  p.  21.  This  fineness  of  subdivision  accounts  in  a  measiu^ 
for  the  oxidization  of  copper  dust,  which  was  plainly  visible  during 
the  experiments,  as  shown  by  the  marked  green  flame.  Also,  more 
dust  was  cairied  off  by  the  gases  from  the  oxidation  of  the  electrode 
than  in  the  later  experiments  with  concentrate  No.  3.  The  results  of 
the  experiments  with  concentrate  No.  3,  in  which  a  more  basic  slag 
was  used,  show  that  the  volatilization  loss  can  be  kept  low  by  using  a 
slag  with  a  low  melting  point.  As  the  oxygen  ratio  was  decreased 
in  the  tests  with  concentrate  No.  4  the  decrease  of  this  loss  was 
marked.  The  dust  loss  would  be  small  in  a  lai^e  f imxace.  It  probably 
wotdd  be  necessary  to  use  a  slag  higher  in  ferrous  oxide  and  having 
a  lower  melting  point  for  concentrate  No.  4  than  for  No.  3,  in  order 
to  keep  down  the  oxidation  and  volatilization  of  fine  copper. 

"  EXPERIMENTS  WITH  CONCENTRATE   NO.  3. 

The  experiments  with  concentrate  No.  3  showed  a  much  less  total 
loss  than  did  those  with  No.  4.  This  was  imdoubtedly  due  to  the 
fact  that  the  slags  used  for  No.  3  had  a  lower  oxygen  ratio,  resulting 
in  a  much  more  fluid  slag  with  a  lower  melting  point.  Also  bases 
were  added  to  dilute  the  alumina,  so  that  this  constituent  had  less 
effect  than  in  the  previous  experiments.  The  best  results  were 
obtained  in  experiment  No.  10,  in  which  the  oxygen  ratio  of  the  slag 
was  0.91,  the  percentage  of  copper  in  the  slag  being  0.17.  The  total 
loss  of  copper  in  the  slag  was  0.33  per  cent  of  the  amount  of  copper 
in  the  ore  charged.  The  loss  by  volatihzation,  in  dust,  and  in  hangings 
was  3.17  per  cent,  making  a  total  loss  of  3.5  per  cent.  These  results 
were  obtained  by  increasing  the  lime  content  by  charging  limestone, 
giving  a  slag  containing  35.82  per  cent  SiO,,  15.45  per  cent  CaO,  7.09 
per  cent  MgO,  25.20  per  cent  FeO,  and  17.10  per  cent  AI3O3.  That 
this  slag  gives  good  results  was  confirmed  in  the  continuous  experi- 
ment No.  14,  in  which  the  same  proportions  of  charge  were  used  as 
was  used  in  No.  10. 

As  the  oxygen  ratio  became  lower  than  about  0.91  there  was  a 
tendency  for  increased  losses  in  the  slag  and  a  higher  loss  from  other 
causes.  It  seems  from  the  results  that  the  most  satisfactory  slag  for 
these  particular  ores  is  one  with  an  oxygen  ratio  of  about  1.0,  that 
is,  a  monosilicate,  and  containing  35  per  cent  SiO,,  22  per  cent  CaO 
and  MgO,  25  per  cent  FeO,  and  17  per  cent  AI3O3.  The  oxygen  ratio 
of  this  slag  corresponds  to  that  of  an  ordinary  copper  blast  furnace 
slag,  but  owing  to  the  nature  of  the  ore  the  alumina  content  is  very 
high.  Also  the  use  of  lime  as  a  base  instead  of  iron  oxide  seems  to 
give  better  results  with  ore  of  high  alumina  and  iron  oxide  content 
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as  regards  copper  losses,  due  probably  to  the^formation  of  a  slag  of 
lower  melting  point.  Increasing  the  lime  content  also  lowers  the 
specific  gravity  of  the  slag,  thus  permitting  easier  settling  of  the  metaL 
There  is  no  reason  why  the  results  obtained  with  the  coarser  mar 
terial  No.  3  should  not  apply  to  the  finer  concentrate  No.  4.  The 
high  losses  in  experiments  with  the  latter  were  due  largely  to  the  hi^ 
melting  point  of  the  slag.  As  no  more  ore  was  at  hand,  the  experi- 
ments could  not  be  continued  with  this  concentrate,  and  No.  3  was 
used.  The  percentage  of  copper  in  the  slag  need  not  exceed  0.25  per 
cent  with  a  slag  of  proper  composition.  The  percentage  loss  in  the 
slag  of  total  copper  in  the  ore  chained  should  not  exceed  0. 5  per  cent. 
The  other  losses  in  the  best  nm  (No.  10)  amounted  to  3.17  per  cent, 
but  in  practice  with  continuous  operation  of  a  lai^er  furnace  this 
item  should  not  exceed  1  per  cent,  and  the  total  loss  should  not  be 
over  1.5  per  cent  of  the  total  amount  of  copper  in  the  ore  charged. 
The  use  of  limestone  is  preferable  in  the  case  of  the  material  treated, 
simply  because  of  the  production  of  a  slag  of  easier  fusibility  and 
lower  specific  gravity,  which  allows  better  mechanical  separation  of 
metallic  copper  and  slag  and  reduces  the  loss  by  volatilization.  The 
dust  loss  would  also  be  less  if  the  very  fine  concentrate  was  mixed 
with  a  coarse  concentrate. 


IRON  IN  THE  METALLIC  COPPER. 

In  some  of  the  runs  in  which  a  slag  of  high  oxygen  ratio  and  high 
melting  point  was  used  the  percentage  of  iron  in  the  copper  produced 
was  very  high.  The  eflfect  of  length  of  run  and  of  the  ratio  of  acid 
to  basic  constituents  in  the  slag  is  shown  in  the  following  table: 

Metallic  iron  in  the  metal  produced^  experimenti  Nos,  1  to  IS. 


Percent- 

• 

age  of 

Ex- 

^\ 
ment 

No. 

Length 
of  ex- 
peri- 
ment. 

"srr 

Pro- 
portion 

TTeight 

Weight 
ofme- 

Weight 

eleo- 
tiode 

Ore  smelted. 

Flux  used. 

/  Acid  O  \ 
Uaslc  o) 

of  iron 

in 
metaL 

of  iron 
in  metaL 

tallio 
Iron  In 
charge. 

of  iron 
reduced. 

OOD-1 

sump- 
tion 
used  in 

reduc- 

tion. 

mn- 

utes. 

Peret. 

Pounds, 

Pound*. 

Pounds. 

4 

Conoentnte 
No.  4. 

Silica 

24 

1.97 

1.76 

0.079 

0.110 

0.0 

ao 

1 

do 

do 

'.do 

None 

50 
30 
2S 
22 
23 
30 
23 

1.85 
1.68 
1.60 
1.60 
1.28 
1.10 
.87 

12.50 
3.50 

15.90 
3.76 
9.25 

11.10 
1.90 

.825 
.191 
.464 
.111 
.283 
.441 
.069 

.110 
.110 
.110 
.110 
.110 
.110 
.110 

.715 
.0« 
.344 
.001 
.173 
.331 
.0 

29.10 

3 

Silica 

7.41 

6 

do 

16.20 

7 

....  .do* ..... 

do 

.06 

6 

....  .do. ..... 

do 

10.35 

2 

do 

■   •  •  •    •  Uw  •    •   •  •  •  • 

None 

U.60 

0 

Hematite 

.0 

8 

Conoentrste 
No.  3. 

do 

23 

1.44 

1.10 

.083 

.066 

.017 

.92 

12 

•  «  «  •  aUO  •    »  •  •  •  • 

Limestone    and 
hematite. 

30 

.03 

6.30 

.429 

.050 

.370 

16.40 

10 

•  •  •  •  •  tlO  •  •  •  •  •   • 

Limestone 

20 

.91 

2.50 

.203 

.066 

.137 

6.96 

13 

•  a • •  aQO •   »  •  •  •  • 

Limestone    and 
hematite. 

20 

.82 

3.10 

.217 

.066 

.151 

6.50 

11 

do 

25 

.70 

6.20 

.423 

.059 

.364 

16.10 

* 
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There  was  a  small  amount  of  free  iron  present  in  both  concentrates 
No.  3  and  No.  4,  which  entered  the  metal  to  an  appreciable  extent. 
This  free  iron  was  from  the  wear  of  breakers  and  stamps  during  TniHing 
of  the  ore.  The  influence  exerted  by  the  carbon  electrode  as  a 
reducing  agent  is  also  shown  in  the  table.  Aside  from  iron  little  at- 
tention was  paid  in  this  research  to  other  impurities  in  the  copper, 
as  it  would  be  necessary  to  refine  the  copper  in  any  case.  The  sul- 
phur and  arsenic  ran  about  the  same  in  all  the  samples.  However, 
it  was  desirable  to  ascertain  whether  the  ore  could  be  melted  and  the 
gangue  separated  from  the  copper  without  reduction  of  iron  by  the 
carbon  of  the  electrode  to  an  extent  that  would  contaminate  the 
product  and  cause  excessive  expense  in  subsequent  refining  in  a  rever- 
beratory  furnace.  In  the  reverberatory  furnace  the  iron  is  removed 
from  copper  by  oxidation  and  slagging,  so  that  an  excessive  amount 
of  iron,  say  over  5  per  cent,  would  increase  the  cost  of  the  process 
cofisiderably. 

FACTORS  AFFECnNO  REDUCTION  OF  IRON  BY  THE  ELECTRODE. 

The  chief  factors  which  might  have  influenced  the  percentage  of  u'on 
reduced  by  the  carbon  electrode  are  the  length  of  time  the  ore  was 
exposed  to  the  electrode  and  the  melting  point  of  the  slag  formed. 
The  time  of  exposure  to  the  reducing  action  of  the  electrode  did  not 
appear  to  have  a  marked  effect  on  the  percentage  of  iron  reduced, 
for  in  some  tests  a  product  high  in  iron  was  obtained  after  a  nm  of 
the  same  length  of  time  as  an  experiment  in  which  the  product  con- 
tained httle  u'on.  For  example,  the  copper  from  run  No.  6,  which 
lasted  23  minutes,  contained  9.25  per  cent  of  iron,  whereas  that  from 
No.  9,  which  also  lasted  23  minutes,  contained  only  1.90  per  cent  of 
iron. 

A  classification  of  the  products  of  the  experiments  with  both  con- 
centrates according  to  the  oxygen  ratios  of  the  slags  does  not  show  a 
imif orm  change  in  the  percentage  of  iron,  but  in  general  the  percentage 
of  iron  reduced  by  the  electrode  decreases  as  the  slag  becomes  more 
basic  and  approaches  a  monosiUcate.  This  result  is  probably  due 
entirely  to  the  higher  melting  point  of  the  more  acid  slag.  The 
furnace,  when  operating  as  a  resistance  furnace,  adjusts  itself  some- 
what to  the  melting  temperature  of  the  charge  so  that  with  a  refrac- 
tory slag  it  gets  hotter.  This  increase  in  temperature  results  in 
accelerating  the  reaction  between  the  carbon  electrode  and  the  iron 
oxide  of  the  gangue.  With  a  monosihcate  slag  containing  not  over 
15  per  cent  of  alumina  this  reduction  of  iron  need  not  result  in  a 
product  containing  over  2  per  cent  iron,  including  any  metalhc  iron 
in  the  charge.  This  was  shown  by  the  results  of  the  intermittent 
runs  (see  p.  28)  and  was  further  confirmed  by  experiment  No.  14,  in 
which  the  metals  from  three  tappings  during  continuous  operation 
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of  the  furnace  contained,  respectively,  0.30  per  cent,  1.04.  per  cent, 
and  2  per  cent  of  iron. 

The  proportion  of  the  total  electrode  consumption  used  in  the 
reduction  of  iron  varied  from  zero  to  29.1  per  cent,  the  average  for 
13  experiments  being  9.35  per  cent.  From  these  results  it  may  be 
seen  tiiat,  with  a  furnace  operating  at  a  low  temperature,^  the  reduc- 
tion of  iron  by  the  carbon  electrode  should  not  be  excessive,  or 
enough  to  result  in  a  product  containing  less  than  96  per  cent  of 
metallic  copper.  The  writers  believe  that  in  practice  the  contents  of 
metallic  iron  and  other  impurities  could  be  kept  as  low  as  2  per  cent^ 
giving  a  product  containing  98  per  cent  copper. 

EFFECT  OF  BASE   USED. 

The  kind  of  base  used  to  form  a  monosilicate  slag  did  not  seem  to 
affect  materially  the  reduction  of  iron  oxide.  The  experiments 
indicate  that  there  was  slightly  less  reduction  with  hematite  than 
when  limestone  was  added,  but  there  is  so  little  difference  that  prob- 
ably as  good  results  could  be  obtained  with  one  flux  as  with  the  other, 
the  problem  being  simply  one  of  economics  as  to  which  is  the  cheaper. 
The  essential  point  is  to  have  a  fluid  slag  of  low  melting  point,  which 
can  be  obtained  with  either  flux.  It  was  thought  in  the  beginning  of 
the  experiments  that  by  the  use  of  a  slag  high  in  siUca  it  might  be 
possible  to  eliminate  the  reducing  effect  of  the  electrode.  This  result 
was  not  accomplished  in  most  of  the  tests  because  the  slag  formed 
was  diflScultly  fusible,  owing  to  the  high  alumina  content  of  the  ore. 
The  high  temperature  increased  the  reducing  effect  so  that  any  strong 
tendency  of  the  FeO  to  combine  with  the  SiO,  was  more  than  offset. 

EFFECT  OF   ALUMINA. 

Here,  as  well  as  in  the  discussion  of  copper  losses,  the  effect  of  the 
alumina,  as  regards  the  reduction  of  iron  oxide,  should  not  be  for- 
gotten. In  considering  a  series  of  very  acid  slags  for  copper  losses 
and  iron  oxide  reduction,  it  may  be  noticed  that  any  diversion  from 
high  loss  by  volatilization  was  generally  due  to  a  decrease  in  the 
percentage  of  alumina  in  the  slags.  The  adaptability  of  the  electric 
furnace  to  smelting  slags  of  high  alumina  content  is  clearly  denion- 
strated  by  these  experiments.  As  before  stated,  when  the  electric 
furnace  is  operated  with  the  chaise  as  the  resistance  and  no  arcs  are 
formed,  it  adapts  itself  to  the  temperature  required  to  melt  the  charge 
and  produce  a  fluid  slag.  Of  course  there  are  many  slags  which 
could  not  be  melted  without  imdue  power  expenditure. 

CONCLUSIONS. 

These  experiments  show  that  the  quantity  of  metallic  iron  reduced 

by  the  action  of  the  carbon  electrode  is  so  small  as  to  be  of  no  practical 

mportance  as  a  drawback  to  the  substitution  of  the  electric  furnace 
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for  the  reverberatory  furnace  in  the  smelting  of  these  concentrates. 
The  above  statement  also  applies  to  sulphide  copper  ore.  The  small 
amoimt  of  iron  which  is  reduced  alloys  with  the  copper,  or,  if  the  ore 
is  a  sulphide,  enters  the  matte  and  increases  its  collecting  power  for 
gold,  especially  if  the  matte  consists  mainly  of  FeS.  In  either  case 
not  enough  iron  could  be  reduced  to  form  a  product  so  impure  that 
excessive  refining  or  reconcentration  would  be  necessary. 

POWER   CONSUMPTION. 

With  the  exception  of  the  continuous  run,  experiment  No.  14,  the 
lowest  power  consumption  and  in  general  the  best  results  of  all  the 
experiments  were  obtained  in  experiment  No.  10,  in  which  concen- 
trate No.  3  was  fluxed  with  limestone.  For  comparing  the  theoretical 
power  consumption  with  the  actual  consumption  the  charge  used  in 
this  run  is  taken  as  a  basis. 

For  convenience,  the  results  of  this  run  will  be  reduced  to  the  basis 
of  1,000  kilograms  of  ore;  that  is,  1  metric  ton  (2,204  pounds).  The 
quantity  of  limestone  required  to  flux  1,000  kilograms  of  ore  is  220 
kilograms.  The  metal  is  assumed  to  contain  2.50  per  cent  iron,  which 
includes  that  reduced  from  the  FeO  of  the  ore  by  the  carbon  electrode, 
and  any  metallic  iron  present.  The  gases,  CO  from  the  electrode  and 
COj  from  the  limestone,  are  assumed  to  escape  at  an  average  temper- 
ature of  500°  C.  at  the  top  of  the  furnace  during  the  melting  stage. 
This  temperature  is  high,  but  there  was  no  shaft  on  the  furnace.  The 
ore  is  assumed  to  be  dry  and  of  the  composition  given  on  page  22. 
The  loss  of  copper  in  the  slag  is  assumed  to  be  0.33  per  cent  of  the  total 
amount  of  copper  in  the  ore  chained. 

The  results,  computed  on  this  basis,  are  as  follows: 

RetulU  of  smelting  concentrate  No.  3  with  Umestone  Jlux  on  basis  of  1,000  kilograms  of 

orCf  experiment  No.  10, 


Quantity 
charged  or 
consumed. 

Quantity  in  product  formed. 

Metal. 

Slag. 

Oases. 

Ore  No.  3: 

Cu  

KUo*. 

373.5 

333.3 

122.7 

87.8 

51.8 

10.0 

34.3 

KUoB. 
372.27 

KU08. 

1.23 

333.30 

113. 17 

87.8 

51.8 

10.9 

32.5 

121.0 
19.09 

Kilos. 

8IO1. 

Fo      

9.63 

AliOi 

CaO 

ICeO    

0 

1.8 

Limestone  flux: 

CeO 

1.000.0 

121.0 
19.09 
79.2 
14.1 

17.0 

MgO 

COi 

79.2 

Carbon  of  electrode 

14.1 

Oxygen  from  air,  completely  burned  to  CO,  with  oxygen  from 
iron  reduction r.r r-^r-  r,,.--, ^.,--,--^ 

17.0 

TotaL 

1,264.69 

381.80 

770.79 

112.1 

36 
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Results  of  smelting  concentrate  No,  S  with  limestone  flux  on  basis  of  1,000  kilograms  of 

ore,  experiment  No.  10 — Continued. 


COMPOSITION  OP  SLAG. 


Constituent. 


Cu... 
SiOf.. 

c«o.. 

MgO. 
PeO.. 
AI1O3 


Per  cent. 

0.16 
43.20 
22.40 

3.88 
18.81 
11.37 


Analymd. 


Pereeni. 

0.17 
35.82 
15.45 

7.00 
25.20 
17.10 


The  wide  diflference  between  the  actual  analjrsis  and  the  calculated 
composition  of  the  slag  may  be  accoimted  for  by  several  factors  which 
must  be  taken  into  consideration.  Possibly  some  of  the  fire-brick 
lining  was  fused  and  entered  the  charge,  thus  increasing  the  alumina 
content;  or  some  of  the  previous  charge,  which  contained  hematite, 
may  have  been  left  in  the  furnace;  also  during  the  run  considerable 
limestone  was  carried  out  of  the  furnace  by  the  gases. 

In  the  calculation  of  the  theoretical  power  required  it  seems  best  to 
consider  the  melting  point  of  the  slag  as  that  of  the  slag  actually 
obtained.  According  to  Hofman  *  the  melting  point  of  a  sli^  con- 
taining 32.1  per  cent  SiOj,  17.95  per  cent  FeO,  16  per  cent  CaO,  and 
11.37  per  cent  AlaOg  is  1,310®  C.  and  that  of  a  slag  containing  32.1  per 
cent  SiO,,  24.69  per  cent  FeO,  22  per  cent  CaO,  and  11.37  per  cent 
AI3O3  is  1,145°  C.  The  melting  point  of  the  slag  actually  obtained  in 
nm  No.  10  is  assumed  to  be  1,250°  C.  and  the  temperature  necessary  to 
make  it  flow  to  be  1,350°  C.  The  quantity  of  heat  necessary  to  melt 
and  superheat  the  slag  is  assumed  to  be  600  calories  per  kilogram.  In 
oxidizing  C  to  CO,  8,100  calories  are  developed  per  kilogram  of  carbon. 
The  amount  of  heat  necessary  to  reduce  1  kilogram  of  Fe  from  FeO  is 
assumed  to  be  1 , 1 73  calories.  The  quantity  of  heat  necessary  to  expel 
1  kilogram  of  COj  from  CaCOj  is  191  calories.  The  specific  heat  of  dry 
carbon  monoxide  at  0°  to  500°  C.  is  0.256  calorie  per  kilogram  and 
that  of  carbon  dioxide  is  0.245  calorie  per  kilogram.  It  is  assumed 
that  204  calories  of  heat  are  required  to  melt  and  superheat  1  kilogram 
of  pure  copper,  and  that  370  calories  are  required  for  1  kilograni  of 
iron.  The  metal  contained  some  iron,  but  owing  to  insuflScient  data 
on  the  specific  heats  of  alloys  of  iron  and  copper,  the  specific  heat  of 
pure  copper  is  used.  All  of  the  heat  constants  are  taken  from  Rich- 
ards's  '* Metallurgical  Calculations." 

The  theoretical  amount  of  heat  required  to  smelt  1,000  kg.  of  ore 
may  now  be  computed,  as  follows: 

a  Peters,  E.  D.,  Principles  of  copper  smelting,  1907,  p.  3ft5. 
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TJieoretical  amount  of  heat  rehired  to  smelt  lyOOO  kg.  of  ore. 


Calories. 
75, 943 
3,386 
11, 178 
462, 474 


Melting  and  superheating  372.27  kg.  of  copper 372.27X204 

Melting  and  superheating  9.53  kg.  of  iron 9*53X370 

Reducing  9.53  kg.  of  f  e  from  FeO 9.53X1,170 

Melting  and  superheating  77d.79  kg.  of  slag 770.79X600 

Raising  the  temperature  of  32.8  kg.  of  CO  to  500**  C 

500X0.256X32.8=    4,195 

Raising  the  temperature  of  79.2  kg.  of  COj  to  500**  C 

500X0.245X79.2=    9,650 

Total 566,826 

Amount  of  heat  supplied  by  combustion  of  14.1  kg.  of  carbon    """^^^^^^ 

14.1X8,100=114,210 

Amoimt  of  heat  supplied  by  electric  current 452, 616 

Total 566. 826 

The  theoretical  amount  of  electrical  enei^  reqiured  for  smelting 

452  616 
No.  3  concentrate  is  — ^^= —  =  529  kilowatt-hours  per  metric  ton  of 

concentrate  charged,  or  481  kilowatt-hours  per  short  ton,  or  0.055 
kilowatt-year  per  ton.  On  the  basis  of  total  charge  the  energy 
consumption  is  393  kilowatt-hours  per  short  ton  of  charge  or  0.045 
kilowatt-year  per  ton.  The  theoretical  energy  consumption  per  pound 
of  copper  produced  is  0.63  kilowatt-hour. 

In  experiment  No.  10  the  actual  power  consumption  was  1,310 
kilowatt-hours  per  ton  of  ore  smelted,  1,280  kilowatt-hours  per  ton  of 
chaise  smelted,  and  1.77  kilowatt-hours  per  pound  of  metal  tapped. 
As  1,310  kilowatt-hours  per  ton  of  ore  smelted  were  actually  used, 
whereas  481  kilowatt-hours  per  short  ton  are  theoretically  required, 
without  allowii^  for  heat  losses  or  other  inefficiency,  the  furnace 
used  2.72  times  more  power  than  was  theoretically  necessary,  or  it 
had  a  heat  efficiency  of  36.76  per  cent. 

The  power  consumption  in  experiments  1  to  13,  tabulated  according 
to  the  oxygen  ratios  of  the  slags,  is  as  follows: 

Power  consumption  in  smelting  teats  of  native  copper  concentrates. 


Ex- 
peri- 
ment 
No, 


4 

1 

3 

5 

7 

6 

2 

9 

8 

12 

10 

13 

11 


Ore  used. 


Flux. 


Concentrate  No.  4 . 

Silica 

....do 

None 

....do 

Silica 

do 

do 

....do 

do 

....  do ............ 

do 

....do 

None 

....do 

Hematite 

Concentrate  No.  3 . 

do 

do 

Limestone  and  hematite . . . 

do 

Limestone 

....do 

Limestone  £ind  hematite . . . 

....do 

do 

Oxygen 

ratio. 

/Acid  0\ 

VBasic  o) 


1.97 

L85 

LG8 

1.60 

1.59 

1.28 

1.10 

.87 

1.44 

.93 

.91 

.82 

.70 


Power  consumption— 


Per  pound 
of  metal 
tapped. 


Kw.-tMtlTB. 

3.53 
4.05 
3.67 
6.30 
4.19 
4.75 
4.13 
4:73 
2.13 
2.06 
L77 
2.77 
2.C8 


Per  ton  of 

ore 
smelted. 


Kw.-liOUTB. 

1,450 
2,425 
1,820 
1,600 
1,130 
1,320 
1,500 
1,565 
1,490 
2,070 
1,310 
1,780 
1,880 


Per  ton  of 

charge 

smelted. 


Kw. -hours. 
1,320 
2,425 
1,740 
1,330 
1,015 
1,075 
1,500 
1,425 
1.420 
1,455 
1,280 
1,100 
1.565 
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As  some  of  the  chaises  were  treated  longer  than  was  absolutely 
necessary,  the  power  consumption  varied  and  the  results  are  not 
uniform.  The  power  consumption  per  pound  of  metal  tapped 
in  some  of  the  runs  with  No.  4  concentrate  was  high,  owing  to  the 
low  amount  of  metal  tapped,  but  of  coutee  was  less  when  concentrate 
No.  3,  which  contained  a  higher  percentage  of  copper,  was  charged. 
A  low  power  consumption  per  ton  of  charge  was  obtained  with  No.  4 
ore  in  experiments  6  and  7,  in  which  slags  with  oxygen  ratios  of 
1.28  and  1.59,  respectively,  were  produced,  but  the  volatilization 
loss  was  so  high  as  to  prohibit  the  use  of  such  charges.  The  lowest 
power  consumption  obtained  in  any  of  the  experiments  in  which 
copper  losses  w«re  not  excessive  was  in  runs  10  and  13,  being  1,280 
and  1,100  kilowatt-hours  per  ton  of  chaige.  Limestone  flux  was  used 
for  No.  10  and  a  mixture  of  limestone  and  hematite  for  No.  13,  the 
oxygen  ratios  of  the  slags  being  0.91  and  0.82,  respectively. 

In  general  it  may  be  stated  that  the  most  satisfactory  results,  as 
regards  both  power  consumption  and  copper  losses,  are  obtained 
when  the  native  copper  concentrate  is  fluxed  with  limestone  or 
hematite,  or  both,  in  such  proportions  that  the  slag  formed 
approximates  a  monosilicate.  TVlth  the  small  furnace  used,  which 
required  40  kilowatts — the  average  in  14  experiments — a  heat 
eflBciency  of  36.76  per  cent  was  obtained.  A  750  kilowatt  commercifJ 
furnace  of  modem  design,  equipped  with  feeding  shafts  and  a  covered 
top,  when  working  on  similar  ore  should  have  a  heat  efficiency 
of  70  per  cent  and  possibly  higher,  as  the  process  consists  of  simply 
melting  the  ore,  but  70  per  cent  may  be  taken  as  a  safe  figure.  In 
experiment  No.  14,  in  which  the  furnace  was  nm  continuously  on  the 
same  kind  of  chaise  as  was  used  in  No.  10,  the  power  consumption 
was  even  lower  than  in  No.  10,  because  of  the  continuous  charging, 
being  1.76  kilowatt-hours  per  pound  of  metal,  1,190  kilowatt-hours 
per  ton  of  ore,  and  1,075  kUowatt-hours  per  ton  of  charge. 

On  the  basis  of  70  per  cent  efficiency  a  large  750-kilowatt  furnace 

would  consume  only    Jq    X 100  =  52.5  per  cent  as  much  energy  as 

the  small  40-kilowatt  furnace  in  smelting  the  same  amount  of  ore. 
Hence  it  may  be  stated  that  the  following  power-consumption 
figures  should  be  obtained  in  smelting  fine  Michigan  native  copper 
concentrates,  containing  from  25  to  40  per  cent  copper,  in  a  750- 
kilowatt  commercial  electric  furnace:  Kilowatt-hours  per  pound 
of  metal  tapped,  0.525X1.76  =  0.92;  kilowatt-hour  per  ton  of  ore 
smelted,  0.525  X  1,190  —  625 ;  kilowatt-hours  per  ton  of  chaige  smelted, 
0.525X1,075-564. 

OPERATION   OF   FURNACE. 

No  difficulty  was  experienced  in  operating'  the  furnace  on  the 
resistance  principle.  The  fineness  of  the  material  assisted  in  this  con- 
siderably, as  there  was  not  so  great  a  tendency  for  arcking  with  the 
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particles  of  the  charge  packed  closely.  After  the  first  few  experi- 
ments it  was  found  that  the  furnace  worked  best  at  70  volts,  and  the 
voltage  was  kept  at  about  70  during  later  runs.  The  average  power 
on  the  furnace  was  40  kilowatts  at  a  voltage  of  73  volts  and  an  amper- 
age of  621  amperes.  The  power  factor  was  high,  averaging  0.95.  As 
the  furnace  was  over  powered  little  difficulty  was  experienced  in 
starting  it.  The  fire-brick  walls  were  not  corroded  appreciably  by 
the  charge,  but  when  superheating  was  prolonged  after  the  charge 
had  been  melted  the  fire  brick  melted  in  some  places  and  mixed  with 
the  slag.  This  accoimts  for  the  variable  nature  of  the  slag  as  com- 
pared with  that  of  the  materials  charged.  The  carbon  bottom  used 
in  the  first  three  experiments  was  not  properly  put  in  and  was 
replaced  by  another  rammed  in  harder,  which  lasted  throughout  the 
experiments,  and  was  apparently  not  at  all  affected.  Ground  coke 
mixed  with  tar  to  a  paste  gives  as  good  satisfaction  as  groimd  graphite 
electrode  butts. 

ELECTRODE   CONSUMPTION. 

The  average  electrode  consumption  throughout  all  of  the  experi- 
ments was  34.5  pounds  of  graphitized  carbon  per  short  ton  of  charge. 
The  highest  consumption,  48  poimds,  was  in  experiment  No.  1  and 
the  lowest,  22.1  poimds,  was  in  experiment  No.  14.  This  last  figure 
more  nearly  represents  practical  working  conditions  and  could 
undoubtedly  be  attained,  and  even  bettered,  in  practice.  The  atmos- 
phere of  the  electric  furnace  is  practically  neutral  during  the  melting 
of  a  material  in  which  all  of  the  iron  oxide  (FeO)  is  combined  to  form 
a  silicate.  For  this  reason  the  consumption  of  the  electrode,  although 
it  would  not  be  as  low  as  in  a  reducing  atmosphere,  should  not  be 
excessive,  because  of  the  combined  state  of  the  ferrous  oxide.  In 
practice  the  electrode  consumption  should  not  exceed  10  poimds  per 
ton  of  charge  and  probably  would  be  much  less. 

From  these  results  it  is  evident  that  the  loss  of  electrodes  through 
contact  with  the  chaise  would  not  form  a  serious  objection  to  the  sub- 
stitution of  the  electric  furnace  for  the  reverberatory  furnace  in 
smelting  copper  ores.  If  all  of  the  electrode  consumption  were  used 
in  the  reduction  of  oxides,  the  amoimt  of  energy  consumed  in  supply- 
ing heat  for  reactions  might  be  appreciable,  but  as  an  average  of 
only  9.35  per  cent  of  the  total  electrode  loss  was  so  used  any  loss  of 
electrical  energy  in  this  way  may  be  considered  as  negligible. 

UTILIZATION  OF  SLAGS  FOB  PBODUCTION  OF  FEBBOSHJCON. 

In  connection  with  the  electric  smelting  of  both  oxide  and  sulphide 
ores  of  copper,  the  idea  has  always  been  prevalent  that  it  is  possible 
to  utilize  the  slag  for  making  ferrosilicon  in  the  electric  furnace,  but 
not  much  actual  experimental  work  has  been  done  to  determine  the 
feasibility  of  the  process. 
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To  obtain  information  on  the  factors  involved  a  series  of  experi- 
ments was  undertaken. 

Five  experiments  were  made,  using  two  lots  of  slag  produced  in 
smelting  the  native  copper  concentrates.  The  composition  of  these 
slags,  as  shown  by  analysis,  was  as  follows: 

Analyses  of  slags  used. 


CoDstitiient. 


CaO.. 
SiOs.. 
CaO.. 
HgO. 
FeO.. 
AljO,. 


No.l. 

No.  2. 

Percent. 

Percent. 

0.22 

aw 

46.19 

34.63 

9.61 

16.54 

2.56 

3.57 

24.10 

2S.24 

16.58 

14.75 

The  coke  that  was  used  contained  84.38  per  cent  of  fixed  carbon, 
0.34  per  cent  of  moisture,  0.61  per  cent  of  volatile  and  combustible 
matter,  and  14.67  per  cent  of  ash.  The  iron  ore  and  silica  were  of 
the  composition  given  on  pages  21  and  22.  The  results  of  the  tests 
are  negative,  but  are  given  to  show  that  the  making  of  ferrosilicon 
from  copper  slags,  which  has  been  assumed  by  some  writers  to  be 
possible  without  experimental  confirmation,  is  a  difficult  matter.. 

EXPERIMENT  WITH  SLAQ  AND  COKE. 

In  the  first  experiment,  No.  15,  61.6  pounds  of  slag  No.  1  and  17.6 
pounds  of  coke  were  charged.  There  was  some  copper  frozen  in  the 
furnace  when  it  was  charged,  which  partly  accounts  for  the  high  per- 
centage of  copper  in  the  product.  An  attempt  was  made  to  operate 
the  furnace  continuously,  but  both  the  metal  and  the  slag  were  too 
thick  to  flow  from  the  furnace,  although  several  attempts  were  made 
to  tap  it  during  the  run.  At  the  end  of  the  run  8.3  pounds  of  metal 
were  tapped,  but  the  slag  would  not  flow.  The  slag  was  removed  as 
far  as  possible  by  balling  with  iron  rods,  and  what  could  not  be  re- 
moved in  this  way  was  chiseled  out  when  cold.  The  total  amount  of 
slag  obtained  was  59.3  poimds.  The  metal  was  very  brittle,  looked 
like  white  iron,  and  had  the  appearance  of  ferrosilicon  containing  25 
per  cent  of  silicon.  Dense  white  fumes  were  given  off  during  the  run. 
The  power  consumption  was  3.82  kilowatt-years  per  ton  of  metal 
tapped,  or  about  10  times  the  power  required  to  produce  1  ton  of 
'*25  per  cent'*  ferrosilicon  from  iron  turnings,  quartz,  and  coal  in  a 
commercial  ferrosilicon  furnace.  Coke  was  charged  in  amoimt  suffi- 
cient to  reduce  all  iron  and  silicon  charged.  Possibly,  however,  some 
Silicon  carbide  was  formed,  as  this  compound  tends  to  form  if  an  ex- 
cess of  coke  be  present.  The  effect  of  silicon  carbide  is  to  make  the 
slag  thick.  The  amount  of  copper  in  the  metal  was  considerably 
greater  than  the  amount  chained,  for  the  reason  previously  stated. 
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The  product  contained  21.23  per  cent  silicon,  58.01  per  cent  iron, 
19.35  per  cent  copper,  0.02  per  cent  phosphorus,  and  a  trace  of 
sulphur.  The  slag  contained  46.25  per  cent  SiO,,  22.4  per  cent  Al^O,, 
14.6  per  cent  FeO,  9.81  per  cent  CaO,  and  2.70  per  cent  MgO. 

EXFEBIKENT  WITH   SLAQ,  QUARTZ,  AND  COKE. 

In  experiment  No.  16  the  charge  consisted  of  44  pounds  of  slag  No. 
2, 14.65  pounds  of  quartz,  and  12.24  poimds  of  coke.  The  chaige  was 
calculated  to  give  a  product  contaroing  50  per  cent  of  silicon  and  a 
slag  containing  40  per  cent  of  SiO,,  on  the  assumption  that  all  of 
the  coke  was  used  for  the  reduction.  The  results  were  similar  to 
those  obtained  in  the  previous  run;  the  slag  fused,  but  would  not  flow 
from  the  furnace,  the  yield  of  metal  was  low,  and  the  power  consump- 
tion was  high.  The  ferrosilicon  contained  18.38  per  cent  silicon,  73.02 
per  cent  iron,  7.01  per  cent  copper,  0.08  per  cent  sulphur,  and  0.04 
per  cent  phosphorus.  The  slag  contained  49.63  per  cent  SiO,,  27.24 
per  cent  AljOg,  9.76  per  cent  FeO,  9.85  per  cent  CaO,  and  2.60  per 
cent  MgO. 

OTHEB  EXPERIMENTS. 

Three  other  experiments  were  conducted  in  which  even  more  nega- 
tive results  were  obtained.  In  one,  iron  ore  was  added  to  ascertain 
whether  the  presence  of  iron  in  an  easily  reducible  form  would  accel- 
erate the  silicate  reduction,  just  as  it  lowers  the  reduction  tempera- 
ture of  silica  not  combined  as  silicate,  but  no  beneficial  effect  was 
obtained.  In  these  runs  part  of  the  slag  would  flow  from  the  furnace, 
but  the  product  was  a  high-silicon  pig  iron.  Fine  grinding  was  tried, 
but  it  caused  the  material  to  pack  so  that  the  furnace  could  not  be 
made  to  arc  steadily,  and  the  maintenance  of  a  steady  arc  is  necessary 
to  attain  a  high  enough  temperature  for  the  production  of  ferrosUicon. 

DISCUSSION  OF  RESULTS. 

In  these  particular  experiments  the  production  of  ferrosilicon  from 
slag  in  the  electric  furnace  must  be  accoimted  a  failure  because  of  the 
low  yield  of  ferrosilicon,  due  to  the  diflBculty  of  reducing  the  silicate 
and  to  the  tendency  of  the  constituents  of  the  slag  other  than  iron 
and  silica  to  rob  the  ferrosilicon  of  those  elements.  As  a  result  of 
this,  the  power  consumption  and  the  difficulty  of  operating  the  furnace 
were  too  great  for  practical  purposes.  The  remarks  on  the  results  of 
these  experiments  apply  in  general  to  the  production  of  ferrosilicon 
from  slags.  The  writers  believe  that  it  would  be  impractical  to  at- 
tempt the  manufacture  of  ferrosilicon  from  a  slag  containing  more 
than  10  per  cent  of  oxide  other  than  FeO  or  SiOj  because  of  the  clog- 
ging up  of  the  furnace  with  the  difficultly  fusible  slag  resulting. 
With  even  10  per  cent  of  oxido  present  to  form  a  slag  with  the  FeO 
and  SiO,,  it  would  probably  not  be  possible  to  make  a  ferrosihcon 
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containing  over  30  per  cent  silicon.  In  the  commercial  production 
of  ferrosilicon  from  iron  tutnings  and  silica  in  the  electric  furnace^ 
''30  per  cent"  ferrosilicon  can  be  made  if  some  slag  is  present;  a  "50 
per  cent"  product  can  be  made  only  with  difSculty,  and  higher  grades 
not  at  all,  if  any  slag  is  foimed. 

Even  if  the  proper  slag  is  available,  the  process,  except  under  un- 
usual circumstances,  does  not  seem  commercially  attractive.  A 
copper  smelter  is  usually  situated  in  a  district  remote  from  steel 
centers,  where  the  greatest  market  for  ferrosilicon  is  found.  The 
slag,  in  order  to  compete  with  iron  turnings,  or  iron  ore,  and  quartz 
or  sand  as  raw  material  for  making  ferrosilicon,  must  be  cheap 
enough  to  offset  the  disadvantages  of  being  possibly  farther  from  the 
market,  and  requiring  a  higher  power  consumption. 

CONCIiXTSIONS. 

The  conclusions  that  were  drawn  from  the  experiments  described 
in  the  preceding  pages  are  as  follows: 

1.  Fine  Michigan  native  copper  concentrates  can  be  smelted  in  the 
electric  furnace  with  the  production  of  a  good  grade  of  black  copper 
and  without  excessive  losses  of  copper  in  the  slag  or  by  other  means. 

2.  The  percentage  of  copper  in  slag  of  the  proper  composition  need 
not  be  more  than  0.25  per  cent.  The  proportion  of  total  copper 
charged  that  is  lost  in  slag  should  not  exceed  0.5  per  cent,  and  all 
other  losses  should  not  exceed  1  per  cent,  or  the  total  loss  should 
be  not  more  than  1.5  per  cent. 

3.  The  loss  of  copper  by  volatilization  is  high  if  the  slag  is  much 
more  acid  than  a  monosilicate  or  if  it  contains  much  alumina. 
The  lowest  losses  were  obtained  when  limestone  was  added  to  form 
a  slag  containing  35  per  cent  of  SiO„  22  per  cent  of  CaO  and  MgO, 
and  25  per  cent  of  FeO. 

4.  The  difference  between  limestone  and  hematite  as  a  flux  is  not 
marked,  one  being  about  as  efficient  for  this  purpose  as  the  other  if 
the  slag  is  not  of  too  high  a  specific  gravity.  No  more  iron  was 
found  in  the  black  copper  product  when  hematite  was  used  than 
when  limestone  was  used. 

5.  With  a  furnace  operating  at  a  low  temperature  on  a  mono- 
silicate  slag,  the  reduction  of  iron  by  the  carbon  electrode  should  not 
be  excessive  or  sufficient  to  result  in  a  product  containing  less  than 
95  per  cent  of  metallic  copper.  With  care  a  product  contuning 
98  per  cent  of  copper  could  probably  be  produced  regularly. 

6.  The  total  electrode  consumption  greatly  exceeded  the  amount 
of  carbon  necessary  for  reduction  of  the  iron  found  in  the  metal,  as 
an  average  of  only  9.35  per  cent  of  the  total  amount  of  electrode  con- 
sumed was  used  in  iron  reduction.  In  practice  the  electrode  con- 
sumption should  not  exceed  10  pounds  per  ton  of  charge. 
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7.  The  electric  furnace  operates  satisfactorily  with  the  highly  sili- 
ceous-aluminous slag  produced  by  the  natural  gangue  without  flux, 
but  the  losses  by  volatilization  are  high  because  of  the  high  melting 
point  of  the  slag.  There  was  no  copper  oxide  in  the  product,  as  was 
shown  by  microscopic  examinations. 

8.  The  power  consumption  for  smelting  fine  Michigan  native  copper 
concentrates,  carrying  25  to  40  per  cent  of  copper,  in  an  electric 
furnace  of  750  kilowatts  or  greater  capacity  should  not  exceed  625 
kilowatt-hours  per  ton  of  ore  smelted. 

9.  The  production  of  ferrosilicon  from  the  copper  slags  can  not 
be  economically  accomplished  if  the  slag  contains  large  proportions 
of  components  other  than  ferrous  oxide  and  silica. 

PROPOSED  PROCESS  FOR  ELECTRIC  SMELTING  OP  PINE 

NATIVE  COPPER  CONCENTRATE. 

The  commercial  smelting  of  fine  native  copper  concentrate  in  the 
electric  furnace,  in  order  to  attain  the  greatest  economy,  would  be 
a  continuous  operation.  The  process  would  consist  of  charging  the 
mixture  of  ore  and  flux  at  intervals  into  the  top  of  an  electric  furnace 
having  a  short  stack  above  the  smelting  crucible  for  preheating  the 
chaise  before  it  reached  the  smelting  zone,  and  tapping  the  metal  at 
intervals,  the  slag  being  permitted  to  run  continuously  from  the 
furnace  through  a  slag  notch  above  the  metal  hole. 

The  possibility  of  operating  a  furnace  in  this  manner  was  shown 
in  experiment  No.  14.  There  was  an  average  of  1.10  per  cent  of 
iron  in  the  product,  and  1.37  per  cent  of  copper  in  the  slag.  The 
total  loss  of  copper  was  as  low  as  in  the  intermittent  runs  and  was 
largely  due  to  the  small  scale  of  the  operation.  The  loss  of  copper 
in  the  slag  was  high  because  of  imperfect  settling  and  because  of  the 
tapping  of  partly  fluid  material  with  the  slags,  a  condition  that  would 
not  occur  in  a  large  furnace  properly  operated.  The  power  consump- 
tion was  lower  than  in  the  other  experiments. 

DESCBIFTION  OF  FtJBNACE. 

The  furnace  featiures  essential  to  the  success  of  this  process  are  a 
crucible,  in  which  the  electrical  energy  is  introduced,  and  in  which  the 
metal  settles  from  the  slag,  and  a  short  shaft  above  the  crucible  for 
preheating  the  charge  before  it  reaches  the  smelting  zone.  As  there 
is  no  reduction  to  be  performed  in  the  shaft  it  need  not  be  higher  than 
to  give  plenty  of  space  between  the  top  of  the  crucible  and  the 
charging  floor  for  head  room  in  moving  the  electrodes. 

A  furnace  of  the  type  shown  in  figures  3  and  4  satisfies  these  condi- 
tions. The  furnace  has  a  smelting  chamber,  a,  lined  with  fire  brick  or 
silica  brick;  three  carbon  electrodes,  6,  suspended  vertically  through 
the  roof;  and  a  feeding  shaft,  c,  which  is  lined  with  fire  brick,  over 
the  crucible. 
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A  TSO-kilowatt  furnace  of  this  type  would  smelt  in  24  hours  about 
23  tons  of  natJTe  copper  concentrates,  carryii^  25  to  40  per  cent 
copper.  This  furnace  would  be  operated  with  tliree-phase  cuireDt  at 
from  50  to  100  volts.  The  internal  dimensions  of  a  750-kilowatt 
furnace  of  this  type  are  as  follows:  The  crucible  is  14  feet  6  inches  in 


Fiami  3.— EleVBtkin  of  clectrlo  turnocs  for  smaltlng  Dative  coppw  oonctntnlM. 

diameter  and  9  feet  high,  the  shaft  is  1  foot  6  inches  in  diameter  and 
18  feet  6  inches  high. 

As  regulation  of  electrodes  would  not  be  necessary  in  this  type  of 
furnace  when  in  regular  operation  the  electrical  connections  are  made 
close  to  the  roof  of  the  furnace,  and  regulation  is  by  hand.  There  is 
less  difficulty  in  handling  the  electrodes  if  they  are  suspended  verti- 
cally, and  the  vertical  shaft  eliminates  the  need  of  Suspending  the 
electrodes  at  an  angle  of  about  55  degrees. 

The  slag  from  such  a  fumaco  should  not  contain  more  than  0.25  per 
cent  copper,  and  could  be  discarded  at  once  without  further  treatment. 
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It  could  be  granulated  with  water  as  discharged  from  the  furnace. 
The  metal  would  require  further  refining  for  elimination  of  iron  and 
other  impurities,  and  could  be  charged  directly  from  the  electric  fur- 
nace into  a  reverberatory  furnace  and  refined  as  previously  described. 

COMPABrlSON  OF   PBOPOSED  AND  PBESENT  METHODS. 

The  present  method  of  treating  these  concentrates  consists  of  the 
following  steps : 

1.  The  coarse  concentrate  is  melted  and  refined  in  either  one  or 
two  reverberatory  furnaces,  from  which  a  slag  is  produced  containing 
from  10  to  30  per  cent  copper. 

2.  The  fine  concentrate  is  agglomerated  in  a  reverberatory  furnace, 
or  briquetted  with  lime. 

3.  The  slags  from  the  reverberatory  furnace  and  the  agglomerated, 
or  briquetted,  fine  material  is 
smelted  with  coke  in  a  blast  fur- 
nace. The  slags  from  the  blast 
furnace  contain  0.6  to  0.8  per 
cent  copper  and  the  metal  90  to 
95  per  cent  copper. 

4.  The  metal  from  the  blast 
fiunace  is  re-treated  in  a  rever- 
beratory furnace. 

There  would  be  the  following 
advantages  in  using  the  electric 
furnace  for  smelting  these  con- 
centrates: (1)  No  agglomeration 
or  briquetting  would  be  neces- 

Sarv:    (2)    none    of   the   slags   pro-  FiQUBE4.-Plaiiofelectricfuniaceforsmeltiiigiiatlve 
•^'  .  ''or  copper  CQDoentrates. 

duced  would  reqmre  re- treatment ; 

(3)  a  large  proportion  of  the  higher  grade  concentrates,  containing  75 
per  cent  copper,  could  be  mixed  with  the  fine  concentrates  and  treated 
directly  in  the  electric  furnace,  thus  reducing  the  amoimt  of  slag  neces- 
sary for  resmelting;  and  (4)  if  cheap  power  were  available  the  electric 
furnace  could  be  used  for  reducing  the  copper  from  the  reverberatory 
slags.  The  resulting  metal  would  probably  be  lower  in  iron,  and  the 
slag  lower  in  copper  because  of  the  greater  ease  of  regulating  the 
reducing  atmosphere  in  the  electric  furnace,  as  the  amount  of  coke 
is  suflScient  only  fc^  the  reduction  of  the  combined  copper. 

The  limit  to  the  amount  of  higher  grade  concentrates  that  could  be 
mixed  with  the  fine  material  would  be  determined  by  the  electrical 
conductivity  of  the  mixture  in  the  furnace.  In  the  experiments 
performed,  no  short  circuits  or  other  difficulties  were  experienced  in 
smelting  a  charge  containing  37  per  cent  metallic  copper.  The 
point  to  which  the  proportion  of  copper  in  the  charge  could  be 
increased  would  have  to  be  ascertained  by  experiment. 
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Technically,  the  electric  furnace  does  away  with  the  necessity  of 
briquetting  or  nodnlizing  the  fine  concentrates  and  in  general  facili- 
tates handling  of  the  materials.  The  commercial  factors  influencing 
the  choice  of  the  method  to  be  adopted,  as  regards  cost,  would  largely 
depend  upon  local  cost  of  power  and  fuel.  As  regards  present  prac- 
tice, the  cost  of  fuel,  the  cost  of  briquetting  or  nodulizing,  and 
possibly  a  higher  labor  cost  are  to  be  set  against  the  cost  of  power 
for  electric  smelting.  Even  if  the  cost  of  power  were  equal  to  these 
three  factors,  the  electric  furnace  might  still  have  the  advantage 
because  of  ease  of  operation. 

In  the  case  of  a  mine  remote  from  smelting  plants  it  might  be 
cheaper  to  concentrate  by  smelting  in  a  small  electric  furnace  the 
low-grade  product  obtained  by  wet  concentration  and  thus  reduce 
the  cost  of  freight.  Also  to  save  losses  in  wet  conoentration  the 
ore  might  not  be  so  highly  concentrated  by  wet  methods,  a  low-grade 
concentrate  being  made  which  could  be  smelted  directly  in  the  electric 
furnace,  the  high-grade  black  copper  made  being  shipped  to  a  custom 
smelter. 

COST  OF  ELBCTBIC  BMELTTNG  COMPABED  WITH  COST  OF  PRESENT 

METHODS. 

Some  reliable  figures  have  been  obtained  by  the  bureau  regarding 
the  cost  ol  smelting  fine  native  copper  concentrates  in  Michigan. 
These  concentrates,  containing  35  per  cent  copper,  are  agglomerated 
in  a  reverberatory  furnace.  One  ton  of  concentrate  yields  0.21 
ton  of  metallic  copper  and  0.79  ton  of  slag  containing  18  per  cent 
copper.  The  slag  is  resmelted  in  a  blast  fiunace  and  the  copper  is 
refined  in  a  reverberatory  and  made  into  marketable  shapes.  On 
resmelting  in  the  blast  furnace,  0.79  ton  of  slag  yields  0.152  ton  of 
cupola  block  containing  88.9  per  cent  copper.  The  blast  furnace 
slag  averages  0.6  to  0.8  per  cent  copper.  These  blocks  are  refined 
in  a  reverberatory  furnace,  the  yield  from  0.152  ton  being  0.129  ton 
of  copper  and  0.023  ton  of  slag.  The  copper  is  made  into  marketable 
forms  and  the  slag  is  re-treated  in  the  blast  fiunace. 

Thus  in  treating  one  ton  of  concentrates  a  total  of  0.813  ton  of 
slag  must  be  re-treated  in  the  blast  furnace. 

The  cost  of  smelting  concentrates  by  the  above  method  is  given 
in  the  table  following.  The  cost  figures  include  overhead  charges, 
all  repairs,  and  maintenance  of  plant,  but  not  amortization  of 
investment. 
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Cost  of  smelting  1  ton  of''S6  per  cent  *'  native  copper  concentrate  by  reverberatory  process. 

Per  ton  of 
concentrate. 

Smelting  1  ton  of  concentrate  in  reverberatory  furnace $3. 69 

XffftlriTig  marketable  shapes  from  0.21  ton  of  copper,  at  $1.96  per 

ton .^ 41 

Resmelting  0.79  ton  of  slag  in  blast  furnace,  at  $4.71  per  ton 3.  72 

Refining  0.152  ton  of  "cupola  block  "  in  reverberatory,  at  $2.77 

per  ton 42 

MalriTig  marketable  shapes  from  0.129  ton  of  copper,  at  $1.96  per 

ton 26 

Treatment  of  0.023  ton  of  slag  in  blast  furnace,  about '.15 

Total 8.64 

For  estimating  the  cost  of  treatment  of  these  concentrates  by 
the  combined  electric  and  reverberatory  process,  the  electric  furnace 
is  assumed  to  be  a  750-kilowatt  furnace  with  a  capacity  of  28  tons 
per  24  hours.  The  cost  of  the  plant,  including  cost  of  buildings, 
transformers,  and  fiunace,  is  estimated  at  $20,000,  which  is  a  Uberal 
estimate,  as  the  furnace  alone,  including  transformers,  can  be  erected 
for  $10,000.  Reverberatory  furnace  smelting  costs  are  taken  as 
given  in  the  preceding  table.  The  furnace  is  assumed  to  be  operat- 
ing at  a  smelter  where  only  a  portion  of  the  total  superintendence, 
laboratory,  and  general  costs  would  be  charged  against  it. 

The  cost  per  ton  of  concentrate  with  power  costs  of  0.50,  0.625, 
0.75,  and  1  cent  per  kilowatt-hour  is  estimated  to  be  as  follows: 

EsUmated  cost  of  smelting  one  ton  of  **S5  per  cent*'  native  copper  concentrate  by  the  com- 
bined electric  ana  reverberatory  method. 


Item. 


Smelting  in  the  electric  furnace: 

Limestone,  0.10  ton  at  $1  per  ton 

Electrodes,  1  pound,  at  4  cents  per  pound 

Power,  640  kifowat^liours 

Labor,  3  men  at  $2  each  and  a  boy  at  II  per  S-hour 
shift. 


Sapertntendextce.  chemist,  general  expenses. 
Muntenanoe  ana  repairs. 


Amortizatioxi  and  depreciation  on  120,000  at  5  per 

centeai:^ 

Interest,  on  120,000  at  6  per  cent 


Total. 


Smelting  in  the  reverberatory  furnace: 

Beverberatory  refining  ofO.362  ton  of  "cupola 
block"a,at$2.77perton 

Betnatment  of  0.0o  ton  of  slag  from  reyerberatory.. 

Cost  of  makhig  marketable  copper  of  0.346  ton  cop- 
per at  S1.90p«r  ton 


Total. 


Total  cost  of  smelting  ore  per  ton  of  concentrate. 


Cost  per  ton  of  concentrate  at  a  power  cost  i>er 
kilowatt'hour  of— 


0.5  cent. 


10.10 

.44 

3.20 

.76 
.20 
.26 

.18 
.11 


6.23 


.97 
.25 

.67 


L80 


7.12 


0.626  cent. 


10.10 
.44 

4.00 

.76 
.20 
.25 

.18 
.11 


6.03 


.97 
.25 

.67 


1.89 


7.92 


0.75  cent. 


10.10 
.44 

4.80 

.76 
.20 
.25 

.18 
.11 


6.83 


.97 
.25 

.67 


1.80 


8.71 


Icent. 


10.10 

.44 

6.40 

.76 
.20 
.26 

.18 
.11 


8.43 


.97 
.25 

.67 


L89 


10.32 


a  Cupola  blocks  98  per  cent  copper.    Total  loss  of  copper  1.5  per  cent. 
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According  to  these  figures  the  electric  process  with  power  at  0.5 
cent  per  kilowatt-hour  or  $43.80  per  kilowatt-year  is  $1.52  per  ton 
cheaper,  at  0.625  cent  per  kilowatt-hour  is  $0.72  per  ton  cheaper, 
and  at  0.75  cent  is  $0.07  more  expensive  than  the  reverberatory  pro- 
cess. The  commercial  operation  of  such  a  process  does  not  require 
power  of  the  great  cheapness  necessary  in  iron  smelting  to  compete 
with  existing  processes.  A  rate  of  0.5  cent  per  kilowatt-hour  with  a 
high  load  factor  is  possible  in  many  districts.  The  load  factor  in 
this  case  would  be  above  90  per  cent  and  the  power  factor  not  below 
0.85.  In  practice  the  cost  of  refining  the  "cupola  block''  of  the 
electric  furnace  would  probably  be  considerably  reduced  over  that 
of  the  blast  furnace  because  of  the  higher  percentage  of  copper  in  it. 

Also  by  the  electric  process  there  would  be  only  0.023  tons  of  slag 
per  ton  of  concentrate  to  be  resmelted  instead  of  0.813  tons  as  with 
the  present  process. 

SMELTING  OF  SULPHIDE  COPPER  ORES. 

ORDINARY  COPPER  BIiAST-PURNACE   SMELTING. 

Ordinary  copper  blast-furnace  smelting — that  is,  smelting  the  ore 
with  carbonaceous  fuel — differs  widely  from  pyritic  smelting,  which 
consists  in  smelting  the  ore  with  heat  derived  by  the  oxidation  of  the 
sulphur  and  iron  contained  in  the  ore  itself. 

As  stated  by  Peters,*  "The  main  characteristic  of  ordinary  blast- 
furnace smelting  is  the  employment  of  carbonaceous  fuel  mixed  with 
ore  as  the  principle  source  of  heat."  Such  being  the  case,  the  problem 
that  presents  itself  is  to  determine  whether  it  is  metallurgicaUy  feasi- 
ble to  substitute  electricity  for  carbonaceous  fuel  as  a  source  of  heat 
and  whether  in  so  doing  there  will  be  obtained  as  favorable  results 
chemically  as  it  is  possible  to  obtain  in  ordinary  blast-furnace  smelting. 

PBINCIPAL  FEATX7BES  OF  THB  PBOCESS. 

The  prerequisites  and  distinguishing  features  of  ordinary  copper 
blast-furnace  smelting,  as  stated  by  Peters,*  are  as  follows: 

(a)  The  employment  of  moderately  compressed  air  to  effect  combustion. 

(6)  The  complete,  or  nearly  complete,  continuity  of  the  smelting  process,  due  to  the 
^t  that  the  ore  and  fuel  are  fed  periodically  on  top  of  the  charge  column  at  the  upper 
extremity  of  the  furnace  shaft  and  withdrawn  continuously  (or  periodically)  in  a 
molten  state  from  the  lower  portion  of  the  furnace,  so  that  the  operation  of  blast-ftkr- 
nace  smelting,  as  understood  by  copper  metallurgists,  is  not  only  continuous  but, 
theoretically  speaking,  perpetual. 

(c)  The  actual  contact  of  the  ore  and  fuel,  these  substances  being  charged  into  the 
top  of  the  furnace  in  alternate  layers. 

((f)  The  employment  of  carbonized  or  hig^-carbon  fuel,  such  as  coke,  anthracite,  or 
charcoal,  to  avoid  the  annoyance  and  danger  arising  from  the  presence  in  the  ore 

a  Peton,  B.  D.,  Princtptos  of  ooppw  smelting,  1907.         b  Peton,  E.  D.,  Op.  cit.,  pp.  100, 167. 
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oolumn  of  the  volatile  hydxx)carbonB  and  various  products  of  distillation  which  would 
result  from  the  use  of  wood  or  the  ordinary  coals  containing  volatile  matter. 

In  ordinary  blast-furnace  smelting  the  atmosphere  is  distinctly  reducing,  owing  to 
the  presence  of  large  quantities  of  0  and  00,  which  have  a  greater  affinity  for  0  than 
have  most  of  the  constituents  of  the  charge.  Under  normal  conditions,  however, 
this  reducing  action  is  not  sufficiently  powerful  to  reduce  the  oxides  of  iron  to  metallic 
iron,  although  it  reduces  FejO,  and  Fefi^  to  FeO,  providing  there  is  SiO,  present  to 
combine  with  this  base  at  the  instant  of  its  formation. 

In  the  true  pyrite  blast  furnace,  however,  where  very  little  coke  is  used,  the  atmos- 
phere may  be  regarded  as  neutral  until  the  focus  is  reached.  Here  we  first  encounter 
the  O  of  the  blast,  and  the  atmosphere  is  powerfully  oxidizing,  *  *  *  but  as  the  0 
has  a  greater  afi^ty  for  the  iron  sulphide  than  it  has  for  any  other  important  substance 
that  should  ever  reach  the  focus,  and  as  there  is — or  should  be — always  more  iron 
sulphide  present  than  there  is  0  to  bum  it,  it  follows  that  even  the  atmosphere  of  the 
focus  of  the  pyrite  furnace  may  be  regarded  as  neutral  toward  a  certain  proportion  of 
the  iron  sulphide,  as  well  as  toward  various  other  substances  that  may  come  within 

its  influence. 

BEMOVAL  OF  STJLPHUB. 

In  the  smelting  of  copper  ores,  sulphide  ores  in  the  main  have  to 
be  dealt  with  and  the  problem  consists  in  getting  rid  of  the  sulphides 
other  than  copper,  and  of  concentrating  the  latter  into  a  matte  con- 
taining anywhere  from  20  to  60  per  cent  copper.  The  first  step, 
therefore,  is  to  free  the  ore  from  its  sulphur.  Consider  first  how  this 
is  done  in  ordinary  copper  blast-furnace  smelting.  As  poiuted  out 
by  Peters,**  owing  to  the  constant  presence  of  a  large  amount  of  glow- 
ing carbon  in  the  furnace  shaft,  extending  from  the  tuyftres  for  several 
feet  up  the  shaft  of  the  furnace  and  often  to  the  charging  door  itself, 
the  oxygen  of  the  air  blown  through  the  tuyftres  is  consumed  with 
extraordinary  rapidity  and  thoroughness,  and  there  is  consequently 
but  a  poor  chance  for  the  oxidation  of  any  substance  in  the  ore  that 
possesses  less  afl^ty  for  oxygen  than  carbon  does. 

Therefore,  in  ordinary  blast-furnace  smelting  with  carbonaceous  fuel,  the  sulphides 
of  iron  and  copper,  and  such  small  quantities  of  other  metallic  sulphides  as  may  be 
present,  stand  little  chance  of  obtaining  any  of  the  oxygen  to  combine  with,  to  form 
sulphur  dioxide  and  metal  oxide.  The  atmosphere  is  almost  always  strongly  reducing, 
and  the  sulphides  tend  to  melt  down  with  almost  the  same  results  that  they  would  in 
a  closed  crucible,  with  complete  exclusion  of  air. 

It  will  thus  be  seen  that,  owing  to  the  reducing  atmosphere  which  prevails,  we  can, 
when  smelting  sulphide  ores;  look  for  the  removal  of  but  little  sulphur  in  the  blast 
furnace  beyond  the  portion  that  will  be  driven  Qff  by  heat  alone  without  the  presence 
of  oxygen. 

Of  the  two  sulphides  in  the  charge  which  have  to  be  taken  into 
consideration  in  this  connection,  namely,  pyrite  (FeS^)  and  chalco- 
pyrite  (CujS.FcjSj),  the  former  loses  one-half  of  its  sulphur  content 
by  mere  heating  without  air,  whereas  the  latter,  when  similarly 
heated,  loses  one-third  of  its  sulphur  content  and  one-ninth  of  its 
entire  weight. 

a  Peters,  E.  D.,  Principles  of  copper  smelting,  1907,  p.  109. 
49884**— Bull,  81—15 4 
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Continuing,  Peters  states : 

It  is  obvious,  then,  that  there  would  be  little  object  in  smelting  unroasted  ores  carry- 
ing a  high  percentage  of  metallic  sulphides  in  a  blast  fiimace  running  on  carbonaceous 
fuel. 

From  what  has  been  stated,  it  would  appear  that  electric  heat  could 
be  used  as  well  for  the  melting  down  of  the  ore  as  heat  derived  from 
the  combustion  of  coke. 

However,  such  melting  would  not,  in  either  case,  give  the  concen- 
tration desired.  The  concentration  of  the  copper  and  accompanying 
precious  metals  into  a  matte  must  be  by  the  removal  of  sulphur  and 
the  subsequent  oxidation  of  the  iron. 

The  removal  of  sulphur  in  ordinary  blast-furnace  smelting  is  brought 
about  in  two  ways,  namely,  by  heat  alone,  which  drives  off  a  part  of 
the  sulphur  as  elemental  sulphur,  and  from  the  reaction  of  oxides 
and  sulphates,  present  in  the  ore  as  such,  on  the  sulphides.  The 
presence  of  oxides  in  the  charge  may  be  due  to  the  use  of  natural 
oxide  ores,  whereas  if  roasted  ores  are  used,  both  oxides  and  sulphates 
may  be  present.  These  components  react  with  the  sulphides  present, 
a  partial  oxidation  of  the  latter  takes  place,  and  some  of  the  sulphur 
is  removed  as  sulphur  dioxide  (SOj).  It  is  to  be  remembered  that 
the  atmosphere  of  the  ordinary  blast  furnace  is  reducing,  and  there- 
fore in  this  instance  these  reactions  have  to  take  place  in  a  reducing 
atmosphere,  and  for  this  reason  do  not  take  place  as  freely  as  they 
would  in  a  neutral  atmosphere.  In  general  it  may  be  stated  that 
with  no  oxides  present  in  the  charge  practically  no  sulphur  (aside 
from  that  removed  as  elemental  sulphur  by  heat,  as  above  stated) 
would  be  driven  off  except,  as  stated  by  Peters,^  '*the  small  amount 
that  would  be  oxidized  by  the  blast,  in  spite  of  the  generally  reducing 
atmosphere  of  the  furnace."  He  also  states  that,  judging  from  his 
own  experience,  this  ^4oss  of  extra  sulphur  in  the  blast  furnace  can 
not  be  placed  higher  than  5  per  cent  of  the  sulphur  remaining  in  the 
ore  after  deducting  the  sulphur  which  the  pyrite  and  chalcopyrite 
lose  by  direct  volatilization.'' 

POSSIBILITY  OF  SX7BSTITUTING  THE  EliBCTBIO  FUBNACB. 

Ordinary  blast-furnace  smelting  of  copper  ores  consists  simply  of 
melting  down  the  ore,  and  the  sulphur  removed  is  that  which  is 
removed  when  a  sulphide  is  heated  without  air.  Any  concentration 
that  takes  place  is  due  to  the  reactions  which  take  place  between  the 
oxides  and  sulphates  present,  and  which  would  take  place  better  in 
a  neutral  atmosphere  than  they  do  in  a  blast  furnace,  the  atmosphere 
of  which  is  reducing.  Such  being  the  case,  a  blast  furnace  operating 
in  this  manner  is  only  a  melting-down  furnace,  and  the  same  results 

a  Pet«rs,  E.  D.,  Principles  of  copper  smelting,  1907,  p.  116. 
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would  be  obtained  by  melting  such  an  ore  in  an  open  crucible.     The  j 

only  advantage  which  the  blast  furnace  has  over  the  reverberatory  I 

furnace  in  this  instance  is  that  it  is  more  efficient  as  a  melting  furnace 
than  is  the  reverberatory,  because  it  affords  intimate  contact  between 
the  fuel  of  the  charge  and  the  resultant  gases  and  permits  of  con- 
tinuous smelting.  On  the  other  hand  the  reactions  between  the  ox- 
ides and  sulphates  do  not  take  place  as  readily  as  they  would  in  the 
comparatively  neutral  atmosphere  of  the  reverberatory  furnace,  or 
m  the  still  more  neutral  atmosphere  of  the  electric  furnace.  So  far, 
then,  aside  from  the  question  of  costs,  there  is  apparently  no  reason 
why  the  electric  furnace  could  not  be  substituted  for  the  ordinary 
blast  furnace  in  smelting  the  class  of  ores  above  mentioned. 

LOSSES   OF  METALS. 

According  to  Peters,**  the  losses  which  occur  in  ordinary  blast- 
furnace work  are  (1)  the  loss  of  dust,  which  contains  valuable  metals, 
every  time  the  ore  is  moved;  (2)  losses  of  dust  in  the  flue  gases,  owing 
to  the  blast;  (3)  volatilization  losses;  and  (4)  losses  in  slag  ^Mue  to 
particles  of  matte  or  metal  which  have  failed  to  separate  properly 
from  the  slag  and,  to  a  lesser  degree,  from  the  oxidation  of  the  oxides 
of  the  valuable  metals,  especially  lead  and  copper,  that  have  entered 
into  combination  with  the  sihca  and  have  thus  become  chemically 
part  of  the  slag." 

The  relative  extent  to  which  these  losses  would  occur  if  an  electric 
furnace  (with  no  blast)  were  used  instead  of  a  blast  furnace  operated 
in  the  manner  previously  described  will  now  be  discussed. 

Loss  of  dust  in  handling  the  ore  would  be  common,  of  coiu^e,  both 
to  the  blast  furnace  and  the  electric  furnace. 

Although  there  would  be  more  or  less  fine  dust  carried  away  by  the 
gases  escaping  from  the  electric  furnace,  the  amount,  of  course, 
would  not  be  as  great  as  with  the  blast  furnace. 

As  regards  loss  by  volatilization,  an  electric  furnace,  used  for 
smelting  sulphide  ore,  would  be  operated  as  a  resistance  furnace  (the 
charge  acting  as  the  resistor)  rather  than  as  an  arc  furnace,  and  hence 
the  heat  in  the  vicinity  of  the  electrodes  would  not  be  as  intense  as 
if  an  arc  were  used,  and  probably  not  greatly  in  excess  of  that  which 
is  generated  at  the  tuySres  of  such  a  blast  furnace  as  has  been 
considered. 

If  an  electric  blast  furnace  of  the  type  shown  in  figures  5  and  6  be 
used,  the  volatilization  would  take  place  at  the  base  of  the  shaft  of  the 
furnace,  and  hence  the  volatilized  metals  wotdd  have  a  chance  to  be 
deposited  out  on  the  cold  part  of  the  charge  in  the  upper  part  of  the 
stack,  and  as  it  would  not  be  necessary  to  use  a  blast  when  operating 

a  Peters,  E.  D.,  Principles  of  copper  smelting,  1907,  p.  113. 
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6,  etoctzxxies;  e,  cracible. 
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the  electric  furnace  for  the  purpose  under  discussion — the  blast  of  the 
blast  furnace  in  this  particular  instance  is  used  only  for  furnishing 
air  for  burning  the  coke  to  produce  the  heat  necessary  for  the  process — 
the  volatilization  loss  should  not,  and  probably  would  not,  be  as  great 
as  in  the  blast  furnace. 

As  regards  the  losses  in  the  slag  owing  to  particles  of  matte  or 
metal  failing  to  separate  properly  from  the  slag,  such  losses  would 
occur  in  the  electric  furnace  as  well  as  in  the  blast  furnace,  but  there 
is  no  reason  to  believe  that  they  would  be  any  greater  and  on  the 
other  hand  they  should  not  be  as  large,  because  the  electric  furnace 
could  be  regulated  to  impart  a  sufficiently  high  temperature  to  the 
bath  before  it  leaves  the  furnace  to  insure  its  being  fluid  enough  to 
cause  perfect  separation  of  matte  and  slag  in  the  settler,  which  would 
thus  obviate  this  loss.     As  to  the  oxidation  of  valuable  metals,  this 
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FioxjBE  6.— Plan  of  electric  blast  furnace,    o,  tuyftres;  6,  electrodes. 

loss  should  be  reduced  to  a  minimum  in  a  furnace  operating  without  a 
blast,  for  the  loss  by  oxidation  is  doubtless  due  to  the  action  of  the 
blast  upon  the  products  of  the  furnace  as  they  pass  the  region  of  the 
tuyeres. 

DATA  ON  EXPERIMENTAL  SMELTING  OF  RAW  SULPHIDE, 

OXIDIZED,  AND  CARBONATE  ORES. 

Having  thus  made  a  brief  comparative  study  of  the  possibility  of 
using  an  electric  furnace  for  the  smelting  of  mixed  sulphide  and 
oxide  ores — ^it  being  imderstood,  of  course,  that  the  object  of  this 
paper  is  not  to  prove  that  the  electric  furnace  shotdd  replace  the 
combustion  furnace,  but  to  determine,  if  possible,  whether  it  can  be 
substituted  for  the  combustion  furnace  in  those  localities  which  are 
not  favorable  to  the  latter — ^it  may  be  well  at  this  point  to  consider 
some  of  the  experimental  work  which  has  been  done  along  the  lines 
above  indicated. 
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EXPEBIMENT  BY  VATTIEB. 

One  of  the  best  known  experiments  on  the  smeltmg  of  copper  ores 
in  the  electric  furnace  was  made  on  April  23,  1903,  by  Vattier  *  at 
the  works  of  the  Compagnie  Electrothermique  Keller  et  Lelenx,  at 
Livet,  France.  The  test  was  made  by  Vattier  for  the  Chilean  Gov- 
ernment, which  wished  to  procure  such  data  as  it  would  be  possible 
to  obtain  in  making  experiments  on  a  commercial  scale.  The  test 
was  made  before  a  commission  which  was  composed  of  some  of  the 
best  known  metallurgists  of  England  and  continental  Europe. 

As  stated  by  Vattier,  the  main  object  of  the  experiment  was  to 
determine,  if  possible,  whether  in  smelting  copper  electric  heat  could 
be  substituted  either  wholly  or  in  part  for  the  heat  derived  from  coal. 
This  is  especially  important  to  Chile,  for  it  has  plenty  of  valuable 
copper  ores,  so  it  is  stated,  and  an  abimdance  of  water  power,  but 
coal  is  costly. 

METHOD  AND  RESULTS   OP  TEST. 

The  experiment  was  conducted  with  two  kinds  of  ore,  namely — 

(1)  An  ore  carrying  approximately  7  per  cent  of  copper  which  was 
present  principally  as  copper  pyrites,  8  to  9  per  cent  of  sulphur,  the 
gangue  consisting  mainly  of  micaceous  copper  oxide,  together  with 
some  siUcates  and  a  little  carbonate  of  lime;  and 

(2)  A  low-grade  copper  ore  from  the  mining  regions  in  the  vicinity 
of  Santiago,  Chile,  mixed  with  a  small  proportion  of  manganese  and 
lime. 

In  the  experiment  a  shaft  furnace  was  used  which  had  a  smelting 
chamber  70  inches  long,  35  inches  wide,  and  35  inches  high.  The 
melted  material  was  nm  into  a  forehearth  47  inches  long  and  23  inches 
high.  Two  carbon  electrodes,  11 1  inches  square  by  66  inches  long, 
were  used  in  the  smelting  chamber,  and  two  electrodes  9f  inches 
square  by  39  inches  long  were  put  in  the  forehearth  to  reheat  the  bath 
for  tapping. 

The  furnace  used,  so  Vattier  states,  **Had  a  capacity  of  25  tons  of 
ore  per  24  hours.  The  current  used  for  the  experiments  was  4,750 
amperes,  119  volts,  cosine  <f>  equals  0.9,  and  the  energy  corresponded 
to  500  kilowatts,  or  680  horsepower." 

The  charge  used  was  a  mixture  of  the  two  ores.  About  8,000  kilo- 
grams of  ore  was  smelted  in  eight  hours.  The  composition  of  the 
charge  was  as  follows: 


o  Haanel,  E.,  Report  of  the  commission  appointed  to  investigate  the  difTo'ent  electrothennic 
for  the  smelting  of  iron  ores  and  the  making  of  steel  in  operation  in  Europe,  Mines  Branch,  Departmeot 
of  the  Interior,  Canada,  1900,  pp.  215-223. 
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Composition  of  charge. 

Per  cent. 

Oarbonic  acid 4. 310 

SiUca 23.700 

Alumina r 4.0 

Lime 7. 300 

Magnesia 0. 33 

Sulphur 4.125 

Iron 28.500 

Manganese 7. 640 

Phosphorus 0. 046 

Copper 5.100 

Areenic Trace. 

Matte  and  slag  of  the  following  composition  were  obtained: 

Analysis  of  matte  and  slag. 


Constituent*. 


Silica 

Lime 

Iron 

Mansanese.. 

Solpnur 

Phosphorus. 
Copper 


Compo- 
sition of 
slag. 


Peret. 

27.20 

5.20 

9.90 

32.50 

8.23 

.67 

.06 

.10 


DISCUSSION   OF  RESULTS. 

Vattier  remarks  that  the  slags  at  both  the  beginning  and  end  of  the 
nm  usually  contained  a  slightly  higher  proportion  of  copper.  He 
does  not  say  why  this  was  so,  or  whether  the  copper  present  was  free 
or  combined.  Uncombined  copper  would  probably  be  present  in 
larger  amounts  at  the  beginning  of  the  nm,  because  of  the  viscosity 
of  the  slag,  due  to  lack  of  heat,  preventing  proper  settling;  also  a 
slightly  higher  proportion  of  copper  at  the  end  of  the  nm  would  prob- 
ably be  due  to  the  same  cause — that  is,  improper  settling. 

Vattier  also  states  that  the  slag,  being  high  in  iron  and  siUca,  could 
be  used  to  manufacture  ferrosiUcon,  but,  as  has  been  previously 
pointed  out  in  this  bulletin,  the  results  of  experiments  by  the  Bureau 
of  Mines  indicate  that  such  utilization  of  slag  is  impractical. 

Vattier  also  states  that,  ''For  good  results  it  is  desirable  to  use  a 
voltage  sufficient  to  cause  the  arc  or  electric  current  *  *  *  to  just 
clear  the  surface  of  the  bath,  in  order  to  avoid  as  much  as  possible 
their  (the  electrodes)  coming  in  contact  with  the  bath." 

His  reason  for  wishing  to  keep  the  electrodes  out  of  contact  with  the 
bath  is  explained  by  his  statement  that  ''Carbon  at  such  high  tempera- 
ture has  a  tendency  to  reduce  the  iron  oxide  into  metalUc  iron,  which 
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gives  rise  to  the  following  inconveniences:  (1)  A  more  rapid  wear  of 
electrodes;  (2)  loss  of  electrical  energy;  and  (3)  decrease  of  the  copper 
contents  of  the  matte." 

It  is  of  course  true  that,  if  the  electrodes  extend  down  into  the 
charge,  as  they  do  when  the  furnace  is  operated  as  a  resistance  furnace 
(the  charge  acting  as  the  resistor)  instead  of  an  arc  furnace,  any  iron 
oxide  coming  in  contact  with  the  carbon  of  the  electrodes  will  be  re- 
duced by  the  carbon  and  thus  cause  a  wearing  away  of  the  electrodes. 
On  the  other  hand,  in  tests  which  have  been  conducted  by  members 
of  the  bureau  and  others,  it  has  been  found  that  more  satisfactory 
results  are  obtained  if  the  charge  be  smelted  by  resistance  heating, 
using  the  charge  as  the  resistor,  than  if  it  be  smelted  by  heat  from  an 
arc.  With  the  arc  a  very  high  local  temperature  is  obtained  and 
hence  volatilization  losses  are  higher  than  if  resistance  heating,  which 
heats  the  charge  more  uniformly,  is  employed.  The  loss  of  electrical 
energy  and  the  production  of  a  low-grade  matte  resulting  from  the 
reduction  of  metallic  iron  has  been  previously  discussed  under  experi- 
ments by  the  writers. 

expebucents  by  schelowsei. 

SMBLTINO  MIXTURES  OF  RAW  AND  ROASTED  ORE. 

More  recently  some  experiments  were  conducted  by  J.  Schilowski  ** 
for  the  purpose  of  determining  whether  it  would  be  possible  to 
obtain  in  one  operation  a  reaction  between  raw  ore  and  roasted  ore 
that  would  give  a  usable  copper  and  a  dean  slag,  Schilowski  states 
that  in  these  experiments  he  used  a  furnace  which  ''had  an  up}>er 
carbon  electrode  and  a  water-cooled  lower  electrode,''  but  he  does 
not  give  much  information  in  regard  to  the  furnace  beyond  this.  It 
was  probably  a  small  furnace,  holding,  perhaps,  25  pounds  of  ore,  of 
the  Siemens  vertical  type,  shown  in  figures  1  and  2. 

Analyses  of  the  raw  and  roasted  ore  used  in  the  tests  are  as  follows: 

Analyses  of  raw  and  roasted  ore  used  in  experiment. 


BiOt. 
Cu.. 
Fe. 


Percent. 

20.30 

10.10 

27.10 

9.45 

0.25 

.48 

15.00 

Bi. 

Co .- 1  Trace. 

Au J 

Ag (^) 


AlfOi. 
As... 
Hn... 
8 


Raw  ore. 


Roasted 
ore. 


PereeiU. 

22.5 

10.5 

34.6 

11.5 

Trace. 

.5 

L5 


a  SchOowskif  J.,  La  fusion  electriques  des  mlnerais  de  colvre  et  des  produits  intennedJares  de  fonderiet 
de  cuivre:  Revue  Met.,  voL  0, 1912,  p.  206. 
b  0.116  ounces  p«r  ton. 
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The  amount  of  copper  unaccounted  for  was  very  large  in  most  of 
the  tests,  especially  when  only  roasted  ore  was  used.  The  unex- 
plained losses  are  probably  due  to  volatilization  and  mechanical 
losses,  especially  the  latter,  for  the  gases  arising  from  a  small  electric 
furnace  carry  with  them  a  large  amoimt  of  fine  particles. 

A  second  group  of  experiments  was  made  to  determine  what 
proportions  of  raw  ore  should  be  used  in  the  charge  in  order  to  obtain 
the  largest  percentage  of  copper  in  the  matt§  with  the  minimum 
difficulty  of  fusion. 

Schilowski  states  that  in  the  experiments  he  used  **two  electrodes 
of  carbon  projecting  into  the  slag."  From  this  the  authors  judge 
that  the  fusion  was  done  much  the  same  as  it  would  be  if  a  charge 
were  fused  in  a  single-phase  H6roult  steel  furnace. 

DISCUSSION  OF  BESULTS. 

As  a  result  of  his  experiments,  Schilowski  states  that  the  propor- 
tion of  raw  ore  that  should  be  used  in  making  up  a  charge  depends 
on  the  consumption  of  energy  and  the  loss  of  copper  in  the  slag. 

He  obtained  these  conditions  with  a  charge  containing  60  to  70 
per  cent  of  roasted  ore.  With  such  a  charge,  the  loss  of  copper  in 
the  slag  was  5  per  cent  of  the  total  copper  present  in  the  charge,  and 
the  weight  of  the  copper  in  the  speiss  was  one-ninth  of  the  weight  of 
the  copper  in  the  matte. 

He  also  found  that  the  maximum  energy  consumption  was  when 
the  charge  was  made  up  entirely  of  crude  ore,  and  the  minimum 
energy  consumption  was  when  the  charge  contained  64  per  cent  of 
roasted  ore.  He  states  that  in  treating  a  mixtiu-e  of  ores  of  this 
nature  that  17,400  kilowatt-hours  would  be  required  per  ton  of 
copper  produced. 

He  also  states  that  the  high  losses  of  copper  were  due  to  the  violence 
of  the  furnace  reaction.  The  writers  have  not  noticed  that  the 
reactions  were  especially  violent  in  any  of  the  experiments  of  this 
nature  which  they  have  performed.  It  is  true  that  after  the  charge 
becomes  melted  it  bubbles  or  boils  considerably,  due  to  the  gases 
which  are  being  given  oflF,  and  it  is  also  true  that,  in  order  to  get  a 
satisfactory  separation  of  matte  and  slag,  the  fused  product  must  be 
kept  at  a  melting  temperature  for  some  little  time,  just  as  is  done 
in  a  settler  in  commercial  smelting.  That  this  is  not  always  done  in 
experimental  work  may  account  for  some  of  the  high  losses  of  copper 
in  the  slag. 

RECOVERY  OF  ARSENIC  FROM  RAW  ORE. 

Another  experiment  was  made  by  Schilowski  in  order  to  determine 
whether  a  recovery  of  arsenic  could  be  made  by  fusing  the  raw  ore. 
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METHOD  OF    TEST. 

The  fusion  was  made  in  a  carbon  crucible  with  a  bottom  carbon 
electrode.  A  carbon  resistance  of  carbon  block  was  placed  in  the 
crucible  between  the  electrodes.  A  covering  was  plac^  aroimd  the 
crucible  in  order  to  prevent  loss  of  heat  by  radiation.  The  gases  were 
led  off  through  a  tube  and  then  through  several  condensing  chambers. 

RESULTS  OP  TEST. 

No  speiss  was  obtained  in  this  experiment.  The  matte  contained 
21.37  per  cent  of  copper,  50.27  per  cent  of  iron,  and  28.39  per  cent  of 
sulphur.  The  slag  contained  only  0.15  per  cent  copper.  In  treating  a 
quantity  of  ore  corresponding  to  a  ton  of  copper  27,500  kilowatt- 
hours  were  used  per  ton  of  copper  produced. 

An  analysis  of  the  fine  material  obtained  as  a  result  of  the  volatilizar 
tion  was  as  follows: 

Composition  of  volatilized  material.  ^^  ^jj^^ 

As 60 

Fe 2 

Cu I 

S 7 

Miscellaneous 16 

Schilowski  states  that  in  spite  of  the  imperfections  of  the  condensing 
apparatus,  65  per  cent  of  the  arsenic  was  recovered,  and  that  it  would 
be  feasible  to  attempt  the  recovery  of  arsenic  from  the  raw  ore  in  this 
manner. 

EXPEBIHBNTS  BY  WOLKOFF. 

Wolkoff  <*  made  some  experiments  on  the  smelting  of  a  copper 
sulphide  ore,  containing  8.20  per  cent  of  copper,  with  an  acid  gangue. 
Several  experimental  runs  were  made  with  this  ore.  The  results  from 
one  or  two  of  them  will  be  briefly  discussed. 

SMELTTNO  ORE  AND  IRON  OXIDE  TO  OBTAIN  MATTE. 

In  one  experiment,  by  smelting  12  kilograms  (25.5  pounds)  of 
ore,  with  6.2  per  cent  of  hammer  scale  (iron  oxide)  added  to  furnish 
iron  oxide  for  the  siliceous  gangue,  he  obtained  a  thoroughly  fused 
product,  a  matte  containing  practically  the  whole  of  the  copper,  and 
a  slag  retaining  only  0.15  per  cent  of  the  copper.  He  also  states  that 
the  volatilization  losses  were  very  small. 

SMELTING   ORE   AND  MATTE  TO   OBTAIN  METALLIC  COPPER. 

In  another  experiment  he  smelted  10  kilograms  (22  pounds)  of  ore 
with  1.25  kilograms  (2.74  pounds)  of  roasted  matte,  containing  76  per 
centCuO,  8  percent  CujS,  and  15  percent  FcjOg,  the  object  being  tode- 
termine  the  extent  to  which  the  reaction  CU2S  +  2  CuO  =  2  Cua+SO,, 
resulting  in  the  production  of  metallic  copper,  would  take  place.    On 

a  Wolkoff,  W.,  Electric  smelting  of  copper  milphide  ore:  MetaUurgie,  vol.  7, 1910,  p.  90. 
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smelting  this  chaise  with  a  current  of  400  amperes  at  75  volts  for 
half  an  hoxir,  WolkoflF  obtained  1.78  kilograms  (3.91  pounds)  of  metal 
which  was  92  per  cent  copper,  3  per  cent  iron,  and  1  per  cent  sulphur. 
He  also  obtained  10.9  kilograms  (2.39  pounds)  of  slag  with  a  copper 
content  of  0.10  per  cent.  In  this  experiment  96  per  cent  of  the  copper 
was  extracted ;  the  slag  contained  0.6  percent  of  the  total  quantity 
of  copper;  therefore,  as  stated  by  WolkoflF,  the  copper  balance  is  as 
follows:  Kfl,,^,^ 

ofoopper. 

1.78  kilograms  of  crude  copper  (92  per  cent  copper) 1. 638 

10.9  kilograms  of  slag  with  0.1  per  cent  copper 0.  Ill 

Losses 0.057 

Total  copper  in  charge 1. 706 

EXFEBIHBNTS  BY  STEPHAN. 

At  the  first  general  meeting  of  the  recently  formed  society  of  Ger- 
man Metallurgical  Engineers,  M.  Stephen,  superintendent  of  the 
Girod  electric  steel  works,  at  Ugine,  France,  gave  an  account  of  some 
experiments  made  by  him  on  the  electric  smelting  of  nonferrous  ores, 
one  of  which  was  a  copper  ore.  The  following  is  an  abstract  of 
Stephan's  paper:" 

SMELTING   NONFERROUS   ORE   IN  THE  ELECTRIC  FURNACE. 

The  ore  came  from  the  Belgian  Congo,  being  mined  by  a  Belgian-English  concern. 
In  five  different  analyses  given  the  CuO  varies  from  21.01  to  5.73  per  cent;  Si02  from 
28.48  to  78.55  per  cent;  AI2O3  from  4  to  13  per  cent;  FeaO, from  4  to  16  per  cent;  and, 
besides  smaller  amounts  of  other  impurities,' 2  to  7  per  cent  CoO,  and  no  nickel. 

The  moisture  in  the  ore  varied  from  7  to  32  per  cent.  It  was  not  removed,  in  order 
to  meet  the  conditions  of  practical  operation  and  to  carry  the  experiments  out  under 
most  unfavorable  conditions. 

Charcoal,  coke,  and  anthracite  were  used  successfully  as  reducing  agents.  Char- 
coal would  probably  be  the  cheapest  in  this  particular  instance. 

Electric  furnaces  similar  to  the  Girod  ferro-alloy  furnace  were  used,  and  the  dimen- 
sions changed  in  several  runs  within  wide  limits  in  order  to  secure  enough  data  for 
the  construction  of  a  large  furnace  for  the  same  work.  Electrodes  were  suspended 
from  the  top  and  inserted  in  the  bottom,  also  in  the  sides  for  heating  by  radiation, 
and  a  system  was  adopted  of  heating  with  a  smothered  arc,  mainly  by  the  resistance 
of  a  thick  layer  of  slag  over  the  conducting  metallic  charge.  The  temperatures  were 
measured  with  Le  Chatelier  and  F^ry  pyrometers. 

A  slag  of  the  composition  51.9  per  cent  SiOj,  11.31  per  cent  AI2O3,  16.83  per  cent 
CaO,  13.71  per  cent  MgO,  3.55  per  cent  FejOj,  0.94  per  cent  MnO,  0.46  per  cent  CuO, 
and  0.87  CoO  begins  to  melt  at  1,250°  C.  and  is  liquid  enough  at  1,400**  C.  to  allow  the 
little  copper  balls  to  settle  completely.  At  1,550®  C.  the  slag  is  liquid  enough  to 
flow  freely;  1,920**  C.  were  necessary  to  render  the  slag  liquid  when  the  highly  acid 
charge  was  smelted  without  any  fluxes. 

The  pig  copper  (Schwarzkupfer)  produced  in  six  different  runs  analyzed  from  65 
to  95  per  cent  copper,  from  1  to  21  per  cent  iron,  and  from  1  to  11  per  cent  cobalt. 
The  lower  the  smelting  temperature  the  higher  will  be  the  purity  of  the  product. 

The  lower  the  temperature  the  smaller  will  be  the  chance^for  reducing  any  of  its 
impurities,  but  at  the  same  time  more  copper  will  also  be  retained  in  the  slag,  so 
that  the  output  is  decreased. 

o  Stepban,  M.  Einiges  fiber  die  Erieugung  von  Metallen  Im  elektrischen  Ofen:  MeUli  imd  Ers,  toL  1, 
1913,  p.  11;  abstracted  in  Met.  and  Chem.  Eng.,  vol.  11, 1913,  p.  22. 
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CONCLUSIONS  o 

Stephan's  conclusions  as  to  the  results  of  the  experiments  were  as 
follows: 

It  wil]  be  a  matter  of  commercial  calculation,  accoiding  to  the  compoaitioa  of 
the  oi«  and  other  special  conditions,  whether  a  high  quality  product  or  a  maximum 
output  will  be  desirable. 

A  continuous  run  for  several  days  with  the  same  ore,  aiming  at  slags  of  about  the 
above-mentioned  compoaition,  required  1,000  to  1,200  kilowatt-houia  per  ton  (3,205 
pounds)  of  ore.  These  figurea  are  high  as  a  result  of  the  amount  of  heat  required, 
to  keep  the  very  viscous  and  abnormal  alags  in  liquid  condition. 

With  an  easily  fluxible  ore  the  power  consumption  was  only  500  kilowatt-houra 
per  ton. 

The  electrode  consumption  averaged  8  kilograms,  or  17.6  pounds  per  ton  of  ore. 
It  (the  electrode)  was  operated  with  4  amperes  per  square  centimeter  (26.8  amperes 
per  square  inch). 

Coal  for  reduction  was  used  at  the  rate  of  25  per  cent  of  the  copper  in  the  charge. 

The  best  lining  to  withstand  the  severe  conditions  of  the  furnace  was  tamped  from 
fire  clay  with  80  per  cent  SiO,  and  15  per  cent  Al^Oj. 

EXPERIMENTAL  SMELTING  OF  SUIf  HIDE  ORES  IN  THX! 
ELECTRIC  FURNACE. 

A  series  of  experiments  on  the  smelting  of  sulphide  ores  in  the 
electric  furnace  was  recently  conducted  at  the  Bureau  of  Mines  lab- 
oratory by  the  writers.  The  objects  in  view  were:  {1}  To  determine 
if  there  are  any  conditions  arising  which  make  electric  smelting  with- 
out ur  anything  but  a  simple  melting  operation;  (2)  to  note  the  per- 
centage of  concentration  and  the  sulphur  remoyal;  (3)  to  study  the 
possibihty  of  condensation  of  the  elemental  sulphur  as  such;  (4)  to  get 
general  figures  on  power  consumption  with  varying  charges;  (5)  to 
determine  losses  of  gold,  silver,  and  copper,  and  (6)  to  study  the  use 
of  a  low-grade  copper  matte  as  a  collecting  agent  for  gold  and  silver. 

ORES  TREATED. 

The  ores  used  in  the  experiments  were  a  low-grade  sulphide  copper 
ore  high  in  sulphur,  a  gold  and  silver  bearing  siliceous  ore,  and  some 
roasted  ore;  the  analyses  of  the  ores  are  given  below.  Limestone 
containing  63,2  per  cent  CaO  and  5.7  per  cent  MgO  was  used  to  flux 
the  ore. 

Analystt  of  OTU  uted  in  electric  gmelting  oftulphidee. 


SMELTING  OF   SULPHmE   COPPER  ORES. 


61 


METHOD  USED  AND  RESULTS  OF  TESTS. 

The  ores  were  smelted  in  the  electric  fumace  that  was  used  in 
smelting  the  native  copper  concentrates.  The  fumace  is  described 
on  pages  17  to  21.  The  top  was  roofed  and  kept  closed  tightly  to 
prevent  escape  of  sulphur  and  admission  of  air.  A  condenser,  which 
consisted  simply  of  three  rectangular  horizontal  chambers  with 
several  baffles  in  them,  was  attached  to  the  fumace  to  condense  the 
sulphur  and  catch  any  escaping  dust.  Twenty  experiments  were 
made  in  all.     The  results  of  five  are  given  in  Table  3. 

Table  3. — Results  of  smelting  copper  sulphide  ores  in  the  electric  fumacef  experiments 

lto5. 


Chane: 

Raw  pyritic  ore,  poands . 

Nodme,  pounds 

Silicious  onf  pounds 

Limestone,  pounds 

lUtte  produced: 

Copper,  per  cent 

Iron,  per  cent 

Suhmur,  per  cent 

Gold,  ounces  per  ton 

Silver,  ounces  per  ton .. . 
SbgDToduced: 


copper,  per  cent. 
SiOs,] 


percent. 

FeOi  per  cent 

AltOs,  per  cent 

CftO.  per  cent 

MgO,  percent 

B.  per  cent 

Oold,  ounce  per  ton 

Silver,  ounce  per  ton 

Leoj^h  of  run,  mmutes 

Mean  vcdts  on  the  fumace 

Mean  amperes  on  the  furnace 

Mean  kilowatts  on  the  fumace 

Mean  power  factor  of  circuit 

Kitowatt-hours  (by  meter) 

Electrode  consumption  per  short  ton  of  charge, 

pounds 

Weight  of  matte  tapped,  pounds 

Weight  of  slag  tappiM,  pounds 

Sulimur  Tolatilized,  i>6r  cedt 

Concentration  ratio 

Loss  of  copper  in  slag,  per  cent 

Copper  unaccounted  for,  per  cent 

Total  recovery  of  copper,  per  cent 

Loss  of  gold  in  slag,  per  cent 

Odd  unaccounted'^for,  -per  cent 

Total  recovery  of  gold,  per  cent 

Loss  of  silver  in  slag,  per  cent 

Silver  unaccounted  for,  per  cent 

Total  recovery  of  silver,  i)er  cent 

Total  value  of  copper,  silver,  and  gold  i>er  ton  of 

charge,c  dollars 

Value  of  copper,  sihro*,  and  gold  recovered  per  ton  of 

charge.  doUars 

Tb^Al  value  of  copper,  silver,  and  gold  recovered,  per 

cent 

Kilowatt-hours  per  short  ton  of  charge 

Kilowatt-years  per  ton  of  charge 


1 

2 

3 

4 

5 

12.10 

8.80 

7.93 

.    6.18 

5.28 

9.90 

13.20 

11.90 

19.22 

7.8L 

3.10 

6.76 

8.86 

10.75 

12.50 

2.73 
L22 

3.01 
L33 

3.02 
L05 

3.03 
LOO 

LOS 

63.99 

64.18 

64.18 

56.21 

62.49 

24.87 

22.38 

25.47 

20.28 

24.03 

.28 

.72 

.80 

LOO 

2.33 

.68 

.96 

2.00 

4.00 

3.60 

.05 

.05 

.24 

.13 

.29 

47.88 

35.25 

41.75 

53.00 

53.05 

40.30 

4L30 

39.05 

25.90 

26.20 

9.24 

4.40 

5.09 

4.01 

3.57 

L33 

10.00 

10.21 

10.37 

10.37 

.10 

L64 

.10 

.14 

.11 

3.84 

3.66 

3.21 

2.23 

2.36 

.02 

.03 

.08 

.04 

.08 

.16 

.32 

.17 

.29 

.34 

35 

26 

27 

20 

18 

53 

51 

56 

70 

80 

656 

635 

920 

792 

726 

31 

32 

51 

54 

56 

.89 

.98 

.98 

.97 

.96 

18.00 

13.5 

25.5 

17.0 

15.0 

20.2 

10.8 

18.6 

18.6 

18.6 

a  13. 45 

10.50 

7.00 

8.42 

9.60 

4.74 

10.90 

16.90 

17.84 

19.70 

65.9 

63.2 

57.0 

65.1 

54.6 

1.57 

2.84 

4.16 

3.60 

3.85 

L21 

4.26 

{^} 

{^) 

(*) 

8.48 

(*) 

l") 

W 

90.31 

95.74 

690.30 

MOO.  00 

6100.00 

2.16 

4.18 

1L40 

5.07 

{^) 

11.75 

10.5 

0 

(6) 

86.09 

95.82 

78.1 

94.93 

95.2 

6.28 

17.20 

0.40 

16.20 

15.40 

32.90 

12.30 

8.37 

78.32 

50.10 

78.30 

94.50 

75.10 

4.96 

6.76 

8.95 

11.14 

12.90 

4.29 

6.34 

7.21 

10.62 

12.17 

86.7 

94.0 

80.8 

95.8 

94.2 

1,435 

890 

1,610 

1,064 

1,045 

.164 

.101 

.184 

.13 

.12 

Average. 


1.12 


.16 


.05 
.25 


62 
745 

46 
.95 
17.8 

17.3 


61.7 
3.2 
2.73 


95.3 
5.7 


90.0 
12.2 
17.2 
75.2 


90.3 
1,209 
.174 


a  From  previous  run. 

b  In  this  and  subsequent  experiments  the  copper  content  of  both  matte  and  slag  is  high,  probably 
because  of  a  concentration  of  copper  in  the  fumace  from  the  numerous  experiments  made  previously. 
«  Copper  at  15  cents  i>er  pound,  silver  at  50  cents  per  ounce,  gold  at  $20  per  ounce. 
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DISCUSSION  OF  RESX7LTS. 

In  these  experiments  the  furnace  was  charged  and,  when  fusion 
was  completed,  tapped  as  cleanly  as  possible.  Hanging  of  jbhe 
charge  and  accimiulation  of  material  in  the  furnace  are  responsible 
for  some  results  not  being  uniform.  An  attempt  was  made  to  make 
the  results  as  quantitative  as  possible,  but  with  a  small  furnace  the 
losses  affect  the  final  calculation  much  more  than  with  a  furnace  of 
commercial  capacity. 

SMELTINO  CONDITIONS,  SULPHUR  VOLATILIZATION,  AND  RATIO  OF 

CONCENTRATION. 

If  the  electric  furnace  acts  simply  as  a  melting  agent  in  the  smelt- 
ing of  sulphide  ores,  the  fact  will  be  apparent  in  the  amoimt  of  sulphur 
volatilized  and  the  ratio  of  concentration.  In  simple  melting  of  a 
charge  of  pyrite  one  atom  of  sulphur  would  be  driven  off  from  the 
FeSj,  or  50  per  cent  of  the  sulphur  in  the  charge  would  be  volatilized. 
To  determine  the  extent  to  which  this  reaction  could  be  carried  in 
the  electric  furnace,  the  crucible  was  roofed  and  was  kept  closed,  as 
far  as  possible,  in  order  to  prevent  oxidation.  In  the  five  experi- 
.ments  given  in  Table  3  an  average  of  61.1  per  cent  of  the  sulphur  in 
the  charge  was  volatifized,  showing  that  a  little  more  than  one  atom 
of  sulphur  was  driven  off.  Hence  without  the  introduction  of  an 
oxidizing  agent  the  concentration  ratio  in  the  electric  smelting  of 
copper  sulphide  ores  can  not  be  increased  much  by  volatilization  of 
the  sulphur  in  the  charge. 

The  low  ratio  of  concentration  of  3.2,  the  average  for  five  runs, 
verifies  this  statement  and  shows  that  no  concentration  is  to  be 
expected  beyond  a  simple  separation  of  gangue  and  matte  and  the 
loss  of  slightly  more  than  one-half  of  the  sulphur.  As  had  been 
stated,  there  is  no  slagging  of  iron  oxide  beyond  that  of  the  iron 
oxide  present  in  the  ore  as  such,  because  there  is  no  oxygen  present 
to  oxidize  the  iron  sulphide  formed  by  voUtilization  of  the  one  atom 
of  sulphur. 

The  smelting  conditions  in  an  electric  furnace  treating  sulphide 
ore  without  introduction  of  air  are  then  similar  to  those  in  a  rever- 
beratory  furnace  or  a  blast  furnace  in  which  the  heat  is  supplied 
almost  entirely  by  coke.  The  electric  smelting  of  a  copper  sulphide 
ore  under  these  conditions  is  merely  a  melting  operation,  in  which 
reactions  occur  between  the  oxides  and  the  sulphates  of  the  charge 
and  a  removal  by  heat  of  a  Uttle  more  than  one  atom  of  sulphur. 

The  amount  of  sulphur  driven  off  in  the  blast  furnace,  running 
with  a  reducing  atmosphere,  over  and  above  that  accounted  for  by 
the  loss  of  one  atom  per  molecule  is  not  more  than  5  per  cent,  whereas 
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in  the  electric  fumace,  as  these  experiments  show,  it  is  about  10 
percent. 

The  condensation  of  the  sulphur  driven  off  as  elemental  sulphur 
was  qualitatively  possible,  as  was  shown  by  analysis  of  the  fume  in 
the  condenser,  but  was  not  quantitatively  possible,  because  the 
condenser  was  not  long  enough  for  complete  condensation  of  the 
fume,  and  some  of  it  came  out  of  the  end.  The  uncondensed  fume 
consisted  chiefly  of  elemental  sulphur.  An  average  analysis  of  the 
condensed  material  was  as  follows:  SiOj,  13.96  per  cent;  Al^Og, 
3.85  per  cent;  Fe,  9.11  per  cent;  CaO,  2.06  per  cent;  S,  46.6  per 
cent;  Cu,  0.61  per  cent;  gold,  0.48  ounces  per  ton;  and  silver,  4.60 
ounces  per  ton.  A  very  small  amount  of  dust  from  the  ore  was 
deposited  at  the  mouth  of  the  condenser. 

COPPEE,  GOLD,    AND  SILVER  LOSSES,    AND   LOW-GRADE  MATTE   AS 

A   COLLECTOR. 

The  average  copper  content  of  the  slag  was  0.15  per  cent.  With 
proper  means  for  settling  the  matte  instead  of  tapping  into  a  mold, 
the  low  copper  content  should  be  reduced  to  a  still  lower  figure. 
The  average  percentage  of  copper  recovered  was  95.3  per  cent.  This 
shows  that  there  was  no  material  volatilization  of  copper,  for  the 
condensed  fumes,  which  amounted  to  only  4.75  per  cent  of  the  total 
ore  charged,  contained  only  0.61  per  cent  copper. 

The  percentage  of  gold  recovered  in  the  matte  was  90  per  cent  of 
the  total  quantity  of  gold  in  the  ore  charged.  The  remaining  10  per 
cent  was  not  all  held  by  the  slag,  as  the  average  loss  of  gold  in  the 
dag  was  5.7  per  cent  of  the  total  amount  of  gold  in  the  ore  charged. 
The  other  4.3  per  cent  was  probably  lost  mechanically  in  handling 
the  charge  and  products.  The  slags  contained  0.03  to  0.08  ounce  of 
gold  per  ton.  This  indicates  the  collecting  power  of  a  low-grade 
copper  matte  for  gold,  as  the  copper  content  of  these  mattes  varied 
from  1  to  1.33  per  cent  and  averaged  only  1.12  per  cent.  The 
charge  contained  from  0,31  to  0.83  per  cent  copper,  the  average 
being  0.46  per  cent. 

These  results  agree  with  the  results  of  experiments  by  Dr.  Car- 
penter** at  Deadwood,  S.  Dak.,  where  for  several  years  the  plant 
was  run  with  mere  traces  of  copper  in  the  matte  and  never  with 
more  than  1  per  cent.  These  slags  carried  from  0.025  to  0.075 
ounce  of  gold  per  ton.  As  at  Deadwood  the  experimental  runs  con- 
ducted by  the  writers  show  a  lower  gold  loss  in  the  slag  with  a 
greater  matte  fall.  The  results  of  these  experiments  seem  to  indicate 
that  a  matte  containing  1  per  cent  copper  will  serve  as  a  good  col- 

o  Peters,  E.  D.,  Principles  of  copper  smelting,  1907,  p.  426. 
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lector  of  gold  in  the  electric  furnace  and  that  a  charge  containing  as 
low  as  0.31  per  cent  copper  may  be  successfully  used. 

The  silver  recovery  was  not  as  high  as  that  of  the  gold,  the  total 
percentage  of  silver  recovered  being  75.2  per  cent.  A  large  part  of 
the  silver  loss  must  be  charged  to  the  unaccounted  loss,  which  in- 
cludes mechanical  losses  and  loss  by  volatilization.  The  proportion 
of  silver  in  the  fume  was  higher  than  the  proportion  of  gold,  a  fact 
which,  with  the-  greater  imaccounted  loss,  indicates  that  there  was 
volatilization  of  silver.  The  average  silver  content  of  the  slag  was 
0.25  ounce  per  ton,  which  can  not  be  considered  as  very  high,  so 
that  the  low-grade  matte  seems  to  collect  the  silver  as  well  as  the 
gold. 

In  order  to  ascertain  the  actual  saving  of  values,  copper  is  figured 
at  15  cents  per  pound,  gold  at  $20  per  ounce,  and  silver  at  50  cents 
per  ounce.  On  this  basis  the  average  value  recovery  for  five  experi- 
ments was  90.3  per  cent.  This  would  indicate  that  it  is  feasible  to 
use  a  matte  containmg  1  per  cent  copper  in  the  smeltmg  of  an  ore  for 
recovery  of  gold  and  silver.  With  a  higher  matte  fall  the  recovery 
would  be  greater.  The  loss  in  the  slag  seems  to  depend  mostly  on 
the  proper  separation  of  slag  and  matte.  With  an  acid  slag  this 
separation  is  easy,  but  with  a  basic  slag,  as  the  specific  gravity  of 
the  slag  and  that  of  the  matte  approach  each  other,  separation  be- 
comes more  diflScult.  As  was  stated  by  a  recent  writer  on  the 
subject,  '^Copper  is  not  essential  in  mattes  which  accompany  acid 
slags,  but  with  basic  slags  it  may  be  necessary.'' 

ELECTRODE   CONSUMPTION. 

The  average  electrode  consumption  was  17.3  poimds  per  ton  of 
charge,  the  lowest  figure  obtained  being  10.6  pounds.  In  practice, 
with  a  large  furnace  the  electrode  consumption  should  be  easily 
reduced  to  6  pounds  per  ton  of  charge.  The  reduction  of  iron  by  the 
carbon  electrode  has  been  shown,  in  the  experiments  previously  dis- 
cussed, to  be  of  small  accoimt. 

POWER   CONSUMPTION. 

The  power  consumption  was  abnormally  high  in  all  of  the  experi- 
ments given  in  Table  3,  with  the  exception  of  No.  2,  because  the  runs 
wore  continued  longer  than  was  necessary,  owing  to  the  diflSculty  of 
telling  when  fusion  was  complete  with  the  furnace  top  roofed.  A 
power  consumption  of  890  kilowatt-hours  per  ton  was  attained  several 
times  in  experiments  not  given  in  this  bulletin  and  may  be  taken  as 
being  about  the  best  it  was  possible  to  obtain  with  the  furnace  used. 
The  efficiency  of  this  furnace  had  been  determined  to  be  36.76  per 
cent.  On  the  basis  of  a  properly  designed  furnace  of  several  thousand 
kilowatts  capacity  in  which  an  efficiency  of  70  per  cent  should  be 
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attained,  the  power  consumption  would  be  (890x36.76)4-70  =  480 
kilowatt-hours  per  ton  of  charge  smelted,  or  0.055  kilowatt-years. 
From  the  general  trend  of  20  experiments  on  the  smelting  of  charges 
similar  to  those  given  in  Table  3,  there  seems  to  be  a  slight  increase  in 
power  consumption  with  a  higher  proportion  of  pyrite  in  the  charge. 

CONCLUSIONS. 

1.  The  smelting  of  sulpliide  ores  in  an  electric  furnace  without 
admission  of  air  consists  simply  of  melting  the  charge,  volatilization 
of  about  60  per  cent  of  the  sulphur  as  elemental  sulphur,  and  separa- 
tion of  the  slag  and  matte. 

2.  The  ratio  of  concentration  is  simply  that  possible  from  separa- 
tion of  matte  and  slag,  reaction  of  oxides  with  sulphates  and  sulphides, 
and  the  volatilization  of  about  10  per  cent  more  than  one-half  of  the 
molecular  sulphur,  with  no  formation  of  iron  oxide  to  enter  the  slag, 
because  there  is  no  oxidizing  agent  present  to  oxidize  the  iron  sulphide. 

3.  Qualitatively,  it  is  possible  to  condense  some  of  the  elemental 
sulphur  driven  off. 

4.  The  loss  of  copper  by  volatilization  and  in  the  slag  is  low. 

5.  A  matte  containing  about  1  per  cent  of  copper  from  a  charge 
containing  0.30  per  cent  copper  makes  a  good  collecting  agent  for 
gold  and  silver,  if  a  clean  separation  of  slag  and  matte  is  obtained. 

6.  There  is  very  little  loss  of  gold  by  volatilization  in  the  electric 
furnace,  but  some  silver  is  lost  in  this  way.  In  a  larger  furnace  with 
closer  temperature  regulation  there  would  probably  be  no  loss. 

7.  The  electrode  consumption  in  the  smelting  of  a  sulphide  ore  is 
low  and  in  practice  need  not  exceed  5  poimds  per  ton  of  charge. 

8.  In  a  large  commercial  furnace  the  power  consumption  for  most 
ores  would  be  about  480  kilowatt-hours  per  ton  of  ore,  or  0.055  kilo- 
watt-years. 

COMPARISON  OF  EUECTRIC  FURNACE  WITH  REVER- 
BERATORY  FURNACE  AND  BIiAST  FURNACE  AS  A 
MELTING  AGENT. 

So  far  only  the  use  of  the  electric  furnace  as  a  melting  furnace  in 
the  treatment  of  copper  ores  has  been  considered.  From  what  has 
been  stated,  the  authors  believe  that  they  are  justified  in  making 
the  following  statements  as  to  the  possibility  of  using  the  electric 
furnace  for  this  purpose. 

1.  Native  copper,  oxide,  or  sulphide  ores  of  copper  can  be  melted 
just  as  eflBciently,  and  perhaps  even  more  efficiently,  in  the  electric 
furnace  than  in  either  the  reverberatory  furnace  or  the  blast  furnace. 

2-  The  reactions  desired  in  reverberatory  smelting,  or  ordinary 
blast-furnace  smelting,  can  be  obtained  just  as  well  and  perhaps 
better  in  the  electric  furnace  than  in  either  of  those  furnaces. 

49884**— BuU.  81—15 5 
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3.  The  loss  of  electrodes  is  small,  varjring  from  5  to  10  pounds 
per  ton  of  ore  smelted,  and  the  presence  of  the  carbon  electrode  does 
not  cause  enough  reduction  of  iron  to  be  troublesome  or  to  increase 
the  consumption  of  electrical  energy  appreciably. 

4.  The  losses  of  copper,  gold,  and  silver  by  volatilization  and  in 
the  slag  would  be  no  greater,  as  is  shown  in  all  the  experimental 
work  cited,  than  they  are  in  reverberatory  smelting  or  ordinary  blast- 
furnace smelting. 

5.  A  matte  containing  as  low  as  1  per  cent  of  copper  can  be  used 
as  a  collecting  agent  for  gold  and  silver  in  the  electric  furnace  as  well 
as  in  the  combustion  furnace. 

6.  The  cost  would  depend  entirely  on  the  nature  of  the  ore  to  be 
treated  and  the  relative  cost  of  coal  or  coke  and  electrical  energy. 
In  general,  from  the  work  done  in  the  experiments,  it  may  be  said 
that  from  500  to  700  kilowatt-hours  per  ton  of  charge,  depending 
on  the  nature  of  the  ore,  would  be  required  for  smelting  copper  ore. 

8EMIPYRITIC    SMELTING    OF    SULPHIDE    ORES. 
PRINCIPAL  FEATX7BES  OF  THE  PBOCESS. 

In  discussing  the  smelting  of  copper  ores  by  ordinary  blast-furnace 
smelting,  the  fact  has  been  noted  that  the  process  consists  essentially 
in  melting  down  the  charge,  and  that  during  the  melting  certain 
reactions  take  place  between  the  constituents  of  the  charge  which 
bring  about  a  concentration  of  the  copper  and  precious  metals  (if 
the  latter  are  present)  into  a  matte  and  the  excess  iron  and  the 
gangue  materials  into  a  slag,  that  in  this  method  of  smelting  the 
heat  necessary  for  carrying  out  the  process  is  obtained  by  the  com- 
bustion of  coke  at  the  tuyeres,  and  that  the  only  purpose  in  using  the 
blast  is  to  supply  the  oxygen  required  for  combxistion  of  the  coke. 
In  other  words,  the  oxygen  entering  the  tuyeres  plays  no  part  in  the 
reactions  which  take  place  in  the  furnace  so  far  as  the  constituents 
of  the  charge  other  than  coke  are  concerned. 

Such  being  the  case,  the  essential  feature  of  the  process  is  the 
melting  down  of  the  charge  and,  so  far  as  the  reactions  of  the  process 
are  concerned,  the  charge  could  be  melted  down  just  as  well  in  an 
electric  furnace  as  in  a  blast  furnace.  Those  processes  of  copper 
smelting  in  which  the  air  entering  at  the  tuyeres  not  only  furnishes 
the  oxygen  necessary  for  producing  heat,  but  also  that  required  for 
bringing  about  the  reactions  which  take  place  during  the  melting, 
and  which  result  in  the  production  of  a  matte  and  a  slag,  as  in  ordi- 
nary blast-furnace  smelting,  will  now  be  considered.  In  this  con- 
nection it  is  to  be  remembered  that  no  matter  what  process  is  em- 
ployed in  obtaining  metallic  copper  (as  a  final  product)  from  a  sul- 
phide the  three  essential  features  of  the  process  are:  (1)  The  removal 
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of  sulphur;  (2)  the  oxidation  of  the  iron  with  which  the  sulphur  was 
combined;  and  (3)  the  removal  of  this  iron  oxide  by  causing  it  to 
unite  with  silica  to  form  a  slag. 

Hence,  as  stated  by  Peters**,  the  first  step  in  the  smelting  of  a 
sulphide  ore  of  copper  must  be  to  oxidize  it.  In  the  process  that 
will  now  be  considered  the  object  is  to  bring  about  the  required 
degree  of  oxidation  and  the  melting  at  practically  the  same  time,  and 
to  obtain  either  the  whole  or  a  part  of  the  heat  required  for  the 
process  from  thQ  oxidation  of  the  iron  and  sulphur  contained  in  the 
ore.  As  is  well  known,  if  practically  aU  the  heat  necessary  for 
melting  down  the  charge  is  obtained  in  this  manner,  the  process 
becomes  what  is  known  as  pyritic  smelting,  and  if  only  in  part,  as 
semipyritic  smelting.  However,  Peters*  states  that,  so  far  as  he 
is  aware,  in  all  pyrite  furnaces  of  the  world  a  small  amount  of  fuel 
(usually  coke)  is  added  to  the  charge,  and  this  amount  may  vary 
anywhere  from  0.5  per  cent  of  the  weight  of  the  charge  up  to  a  pro- 
portion that  might  be  actually  enough  to  melt  the  ore  without  any 
heat  at  aU  being  derived  from  the  sulphides. 

SUBSTITUTION  OF  ELECTRIC  HEAT  FOB  HEAT  DERIVED  FROM 

COKE. 

The  question,  therefore,  that  presents  itself  in  connection  with  the 
smelting  of  copper  sulphide  ores  in  the  electric  furnace  is  to  deter- 
mine whether  electric  heat  may  be  used  to  replace  the  heat  which  is 
derived  from  the  combustion  of  coke  in  pyritic  and  semipyritic 
processes.  In  other  words,  whether  it  would  be  possible,  and  if  so, 
whether  it  would  be  commercially  feasible,  to  carry  out  these  processes 
in  an  electric  furnace  so  constructed  as  to  permit  the  use  of  a  blast, 
thus  obtaining  as  much  heat  as  possible  from  the  oxidation  of  the 
sulphur  and  iron,  any  additional  heat  required  being  supplied  by 
electric  energy. 

To  begin  with,  let  it  be  assumed  that  the  construction  of  the  furnace 
is  similar  to  that  of  a  modem  copper  blast  furnace  and  is  practically 
the  same  for  the  upper  part  of  the  furnace,  including  the  tuyeres. 
Below  the  tuydres,  a,  the  furnace  could  be  constructed  as  shown  in 
figure  5.  The  electrodes,  h,  extend  down  into  the  crucible,  c,  and  are 
arranged  along  the  sides  of  the  crucible  as  shown  in  figure  6. 

At  tins  point  will  be  considered  briefly  the  behavior  in  the  electric 
furnace  of  a  charge  that  would  be  suited  to  semipyritic  smelting; 
that  is,  one  in  which  so  much  coke  would  have  to  be  used  that  '4ts 
influence  upon  the  oxidizing  power  of  the  focus  begins  to  be  plainly 
discernible,"  which,  as  stated  by  Peters,*  is  "the  division  iLie  be- 

o  Peters,  E.  D.,  Principles  of  copper  smelting,  1907.  p.  220. 
6  Peters,  E.  D.,loc.  cit.,  p.  214. 
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tween  true  and  partial  pyrite  smelting.'*  Inasmuch  as  no  coke 
would  be  used  in  a  charge  smelted  in  an  electric  blast  furnace,  the 
point  to  be  determined  is  how  the  charge  would  act  when  such  a 
furnace  was  used,  and  if  the  desired  results  could  be  obtained,  as 
before  stated,  in  a  feasible  and  economical  manner. 

BEHAVIOR  OF  A  CHARGE  SMELTED  WITHOUT  COKE. 

The  object  aimed  at  in  operating  a  copper  blast  furnace  in  semi- 
pyritic  smelting  is  to  supply  enough  blast  to  completely  oxidize  the 
coke,  and  also  to  oxidize  as  much  of  the  iron  sulphide  for  slag-forming 
purposes  as  can  be  spared  from  the  matte.  If,  therefore,  there  were 
no  coke  to  be  oxidized,  only  enough  air  need  be  forced  through  the 
tuyfires  to  effect  the  required  degree  of  oxidation  of  sulphur  and  iron. 

In  general,  it  may  be  assumed,  as  does  Peters,*  that  in  semi- 
pyritic  smelting  the  furnace  is  **  provided  with  but  a  scanty  supply 
of  pyrite"  and  that  it  produces  a  slag  "rather  high  in  silica  and 
earths"  and  *' consequently  would  require  a  considerable  amount  of 
coke."  In  the  electric  blast  furnace,  as  before  stated,  coke  would 
not  be  used,  the  equivalent  heat  value  of  the  coke  being  obtained 
from  electric  energy  instead.  If,  therefore,  the  electric  blast  furnace 
be  suppUed  with  a  charge  that  is  suited  to  semipyritic  smelting, 
what  difference  may  be  expected  in  the  behavior  of  the  charge  as 
compared  to  the  behavior  of  a  similar  charge  when  smelted  in  a 
copper  blast  furnace  with  coke?  In  making  the  comparison  the 
behavior  and  effect  of  the  coke  itself  will  first  be  considered. 

EFFECT  OF  COKE  IN  THE  BLAST  FURNACE. 

Peters*  discusses  the  action  of  coke  in  the  blast  furnace  as  follows: 

The  amount  of  coke  present  carries  the  melting  process  high  up  above  the  proper 
zone  of  oxidation,  and  to  regions  where  there  is  yet  no  formation  of  FeO.  Half- 
fused  masses  of  acid  earthy  silicates  are  formed,  and  much,  in  some  cases  all,  of  the 
free  silica  is  combined  with  the  alumina,  lime,  magnesia,  manganese,  alkalis,  and 
already  oxidized  iron,  all  of  which  substances  are  likely  to  be  present  in  the  ore 
mixture.  It  is  not  that  the  aflinity  of  the  siHca  is  satisfied  in  forming  these  pre- 
fiminary,  temporary,  refractory  acid  silicates,  but  the  edge  of  its  appetite  is  blunted 
and  the  eventual  formation  of  ferrous  silicate  seems  to  proceed  somewhat  sluggishly, 
even  when  ample  air  is  blown  into  the  furnace. 

As  may  be  imagined  the  main  endeavor  of  the  metalluigist  in  this  type  of  smelting^ 
is  to  keep  the  proportion  of  coke  to  ore  as  low  as  possible,  not  merely  becaxise  coke 
costs  money,  but  still  more  because  any  excess  of  coke  causes  a  lowering  in  the  grade 
of  matte,  due  to  its  interference  with  the  oxidation  of  the  sulphides.  A  furnace  in 
proper  condition  and  running  on  a  suitable  charge  is  extraordinarily  sensitive  on  this 
point.  The  increase  of  the  coke  from  a  standard  charge  of  60  pounds  per  2,000  pounds 
of  ore  up  to  65  pounds  per  2,000  pounds  of  ore  may  be  followed — as  has  come  under  my 
personal  observation — ^by  a  dropping  of  the  grade  of  matte  from  35  per  cent  copper 
and  a  raising  of  the  silica  contents  of  the  slag  from  41  per  cent.    This  results,  of  course, 

a  PeUsrs,  E.  D.,  Principles  of  copper  smelting,  1907,  p.  326. 
b  Peters,  E.  D.,  loc.  clt.,  p.  333. 
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from  the  consumption  by  the  new  coke  of  a  certain  amount  of  oxygen  which  pre- 
viously had  been  employed  in  burning  iron  sulphide.  Under  this  new  condition 
this  iron  sulphide  entered  the  matte  at  the  same  time,  robbing  the  slag  of  just  so 
much  FeO. 

REACTIONS  IN  THE   ELECTRIC  FURNACE. 

If  such  a  charge  be  smelted  in  the  electric  blast  furnace  without 
coke  and  with  just  enough  blast  to  supply  the  oxygen  required  for 
oxidation  of  the  sulphur  and  iron,  there  would  doubtless  be  no 
*^  half -fused  masses  of  acid,  earthy  silicates,  formed,"  as  stated  by 
Peters,  and  since,  as  shown  by  him,  the  control  of  the  coke  is  a 
matter  of  great  importance,  due  to  the  *' extraordinary  sensitive- 
ness of  the  furnace  on  this  point"  and  its  resultant  great  irregulari- 
ties, it  would  seem  that  it  would  be  a  great  advantage  to  do  away, 
if  possible,  with  coke.  If  coke  can  be  dispensed  with  and  the  smelting 
be  done  in  some  such  furnace  as  the  one  shown  in  figure  5,  the  charge 
would  probably  enter  the  tuyere  zone  of  the  furnace  practically 
unaltered  except,  perhaps,  for  loss  of  elemental  sulphur.  Inasmuch 
as  the  sulphides  are  easily  melted  (950*^  C),  it  may  be  assumed  that 
there  would  be  enough  heat  present  from  the  oxidation  of  the  sulphur 
and  iron  and  radiated  from  the  crucible  to  cause  the  iron  sulphide 
to  melt  and  to  become  oxidized  to  FeO  and  then  be  instantly  seized 
by  SiOg  to  form  a  slag.  However  at  a  temperature  of  950*^  C.  the 
result  might  be  the  formation  of  a  siUcate  Mgh  in  SiOj,  due  to  the 
fact  that  at  low  temperatures  the  saturation  point  of  silica  for  iron  is 
low,  and  this  silicate  would  perhaps  '^freeze,"  so  to  speak,  at  once 
and  descend  into  the  crucible  and  be  gradually  melted  in  the  neigh- 
borhood of  the  electric  current.  In  other  words,  there  would  be 
formed  above  the  tuyfire  zone  the  artificial  boshes  observed  by 
Sticht,  Freeland,  and  others,  and  described  by  Peters,*  thus  con- 
tracting the  smelting  and  slag  forming  area  *'to  a  comparatively 
narrow  opening  running  along  the  middle  of  the  furnace  shaft." 
Sticht  states  that  these  boshes  *^are  the  contact  Unes  between  the 
active  combustion  zone  and  the  relatively  dead  part  of  the  shaft 
above"  and  that  the  absence  of  coke  (speaking  of  pyrite  furnaces) 
accentuates  the  sharp  division  line  between  the  active  and  stag- 
nant regions  of  the  furnace.  Reasoning  by  analogy,  it  would  seem 
that  this  division  line  would  be  as  pronounced,  if  not  more  so,  in  an 
electric  blast  furnace,  such  as  the  one  imder  discussion,  as  in  the 
pyrite  furnace. 

COHPABISON  OF  ELECTRIC  BLAST  FTJBNACE  WITH  THE  COPPER 
BLAST  FURNACE  FOB  SEMIPTBmC  SMELTING. 

METALLURGICAL  CONSIDEBATIONS. 

To  recapitulate,  there  does  not  seem  to  be  any  metallurgical  reason 
why  the  chief  objects  of  the  pyrite  smelter  can  not  be  carried  out  in 

a  Peters,  E.  D.,  Principles  of  copper  smelting,  1907,  pp.  234,  235. 
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an  electric  copper  blast  furnace  as  well  as  in  a  coke  copper  blast 
furnace;  namely,  to  melt  the  great  mass  of  SiOg  and  inert  earths,  and 
to  oxidize  enough  of  the  sulphides  in  the  charge  to  insure  a  suitable 
matte,  incidentally  obtaining  the  heat  evolved  by  the  oxidation. 
On  the  other  hand  it  would  seem  that  the  diflGiculties  ordinarily  en- 
countered in  operating  a  pyrite  furnace  might  be  avoided  when  using 
an  electric  blast  furnace,  that  is,  the  diflGiculties  which  arise  when  too 
much  or  too  little  coke  is  added  to  the  charge.  Moreover,  electric 
heating  not  only  permits  '' introducing  heat  into  the  furnace  with- 
out at  the  same  time  robbing  the  combustion  zone  of  oxygen" — in 
regard  to  which  Peters**  states,  * 'nothing  would  be  so  welcome  to  the 
furnace  man  as  to  do  this" — but  would  also  permit  of  the  heat  being 
entirely  imder  control  and  easily  regulated  and  thus  avoid  "freeze-ups" 
with  their  consequent  vexations  and  costly  delays.  By  this  latter 
statement  it  is  not  meant  that  any  sort  of  charge  could  be  put  through 
the  furnace  and  not  ''freeze,"  an  idea  which  seems  to  be  quite  preva- 
lent in  regard  to  electric  furnaces,  but  that,  if  the  charge  be  properly 
calculated,  a  much  wider  variation  in  the  composition  of  the  slag 
from  that  calculated  would  be  permissible  than  would  be  the  case 
in  ordinary  blast-furnace  smelting. 

MECHANICAL  CONSIDERATIONS. 

By  referring  to  figures  5  and  6  it  will  be  noted  that  the  chief  differ- 
ence in  the  construction  of  the  electric  blast  furnace  from  that  of  the 
ordinary  blast  furnace  would  be  in  the  part  below  the  tuyfires;  in 
other  words,  the  crucible  of  the  furnace.  Due  to  the  fact  that  elec- 
tric furnace  construction  has  received  the  attention  of  some  of  the 
very  best  mechanical  and  electrical  engineers,  and  because  a  crucible 
based  upon  the  principle  of  the  design  shown  in  figure  5  is  now  exten- 
sively used  in  the  electric  iron  reduction  furnaces  of  Norway  and 
Sweden,  the  writers  believe  that  no  diflftculty  would  be  experienced 
in  this  respect.  Various  methods  and  arrangements  can  be  used  for 
connecting  up  electrodes.  If  this  be  true,  there  remains  to  be  con- 
sidered only  the  matter  of  costs. 

COMPARISON  OP  COSTS. 

Inasmuch  ad  it  has  already  been  stated  that  the  use  of  the  electric 
furnace  as  a  competitor  of  the  blast  or  combustion  furnace,  or  that 
it  should  replace  the  copper  blast  furnace,  is  not  advocated  by  the 
writers,  it  wiD  be  evident  that  a  comparison  of  costs  is  made  simply 
for  the  purpose  of  giving  some  idea  as  to  the  outlay  that  would  be 
necessary  to  erect  and  operate  an  electric  furnace  plant  for  the  pur- 
pose of  smelting  copper  ores. 

a  Peters,  E.  D.,  Principles  of  copper  smelting,  1907.  p.  334. 
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Naturally,  the  first  thing  to  be  considered  is  whether  it  would  be 
feasible  to  attempt  to  substitute  electrical  energy  for  coke,  due  to 
the  cost  of  the  former. 

COST  OP  PLANT. 

The  cost  of  an  electric-furnace  plant  would  be  about  the  same  as 
the  cost  of  a  regular  plant  plus  the  cost  of  electrical  installation  but 
exclusive  of  the  cost  of  the  generating  plant,  as  it  is  assumed  that  it 
would  be  possible  to  purchase  electric  power  from  some  other  company, 
or,  if  not,  that  the  generating  plant  be  considered  as  a  separate  organ- 
ization selling  power  to  the  smelter  at  so  much  per  unit.  Therefore 
by  electrical  installation  is  meant  the  cost  of  transformers,  bus  bars, 
cables,  instruments,  etc.  In  order  to  have  a  basis  for  computing 
this  cost,  it  is  assumed  that  the  furnace  is  to  smelt  384  tons  of  charge 
a  day,  the  composition  of  the  charge  being  as  follows: 

Composition  of  charge. 

Percent. 

Cu 5.21 

SiOj 26. 41 

FeO 18.60 

S IL  46 

AljOa 4.  26 

CaO 17.49 

This  is  the  average  composition  of  the  entire  blast-furnace  charge 
that  was  smelted  at  the  Washoe  smelter.  Anaconda,  for  several 
months.**  At  the  Washoe  plant  8.2  per  cent  of  coke  was  used.  The 
amount  of 'electrical  energy  that  would  be  required  to  smelt  a  charge 
of  this  nature  in  an  electric  furnace  will  now  be  considered. 

At  the  Washoe  smelter  the  furnaces  formerly  used  were  56  by  180 
inches  in  cross  section  (hearth  area  70  square  feet)  and  smelted  on 
an  average  a  little  less  than  400  tons  of  charge  daily,  or  5.6  tons  per 
square  foot  of  the  hearth  area.* 

AMOUNT  OP   ELECTRICAL  ENERGY  REQUIRED  TO   REPLACE  COKE. 

Since  8.2  per  cent  of  coke  was  required  at  the  Washoe  smelter  to 
smelt  1  ton  of  the  above  charge,  the  consumption  of  coke  per  ton 
of  chaise  was  2,000X8.2  =  164  pounds. 

The  coke  used  contained  80.24  per  cent  of  fixed  carbon;  therefore, 
the  number  of  pounds  of  carbon  in  164  pounds  of  coke  is  164  X  80.24  = 
131.59.  If  1  pound  of  carbon  be  completely  burned  to  carbon 
dioxide,  8,100  pound-calories  are  obtained.  Therefore  the  number 
of  pound-calories  that  would  be  obtained  from  the  131  pounds  of 
carbon  contained  in  the  164  pounds  of  coke  is  131 X  8,100  =  1,061,100. 
As  1  kilowatt-hour  is  equivalent  to  1,897  pound-calories,  it  would 

a  Peters,  £.  D.,  Practice  of  copper  smelting,  1911,  p.  264. 
h  Peters,  E.  D.,  Principles  of  copper  smelting,  1907,  p.  156. 
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require  1,061,100-5-1,897  =  559  kilowatt-hours  to  replace  the  theo- 
retical calorific  value  of  the  164  pounds  of  coke.  However,  as  a 
copper  blast  furnace  under  the  most  favorable  conditions  probably 
does  not  have  an  efficiency  of  over  50  per  cent,  the  amount  of  energy 
really  obtained  from  the  coke,  so  far  as  work  performed  in  the  furnace 
is  concerned,  is  only  530,550  pound-calories,  which  is  theoretically 

530  550 
equivalent  to       ^      '  or  280  kilowatt-hours  per  ton.    Inasmuch  as  the 

I, 0*71 

efficiency  of  the  electric  furnace  of  this  type  may  be  as  much  as  85 
per  cent  and  as  that  of  an  open-top  ferrosilicon  furnace  is  said  to 
be  about  60  per  cent,**  it  is  fair  to  assume  that  the  efficiency  of  an 
electric  furnace,  such  as  is  shown  in  figure  3,  would  be  20  per  cent 
greater  than  that  of  an  ordinary  blast  furnace,  or  about  70  per  cent 
as  compared  with  50  per  cent  for  the  blast  furnace.  If  this  be  true, 
then  the  theoretical  280  kilowatt-hours  needed  to  smelt  1  ton  of 
chaise  would  have  to  be  increased  1.42  times  (280X1.42  =  397), 
or,  say,  in  round  numbers,  400  kilowatt-hours  would  be  required  to 
smelt  1  ton  of  charge.  Considering  that  part  of  the  heat  in  this 
case  is  supplied  by  combustion  of  sulphides,  the  figures  agree  closely 
with  the  480  kilowatt-hours  calculated  from  the  experiments  on 
melting  only.  As  16  tons  of  charge  per  hour  are  to  be  smelted,  the 
constant  load  on  the  furnace  would  be  400X16  =  6,400  kilowatt- 
hours,  and  as  the  power  supply  would  doubtless  be  three  phase,  this 
would  mean  that  the  electrical  equipment  should  consist  of  three 
2,500-kilowatt  variable  voltage  transformers.  Transformers  of  this 
capacity  would  allow  ample  margin  for  sudden  overloads,  instruments, 
bus  bars,  cables,  and  miscellaneous  supplies. 

The  cost  of  this  equipment  at  the  plant  would,  of  course,  depend 
upon  the  location  of  the  plant  and  would  be  the  factory  costs  plus 
transportation  charges. 

As  to  the  total  cost  of  the  plant,  that  would  also,  of  course,  depend, 
as  in  every  instance,  upon  the  location  of  the  plant.  In  short,  as 
before  stated,  it  would  be  the  cost  of  an  ordinary  copper  blast-fui*nace 
plant  plus  the  cost  of  the  electrical  installation.  The  cost  of  the 
furnace  itself  would  be  no  more  than  that  of  a  coke  blast  furnace. 
As  only  enough  air  is  blown  in  to  oxidize  the  iron  and  sulphur,  the 
blower  capacity  would  not  need  to  be  so  large  as  for  a  regular  blast 
furnace. 

COST  OP  8MBLTINO. 

It  may  be  stated  that  the  cost  of  coke  and  the  cost  of  electrical 
energy  are  about  on  a  par  when  coke  costs  $7  a  ton  and  electrical 
energy  costs  $0.15  per  kilowatt-hour,  or  $13  a  kilowatt-year;  that 
is,  when  the  ratio  of  the  cost  of  coke  per  ton  to  the  cost  of  power 

a  Conrad,  W.,and  Piels,  W., La  fabrication  du  ferrosilicium  It  haute  teneuraa  four  electiiqne:  ReruB  Ittt., 
•ol.  9, 1912.  p.  363. 
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per  kilowatt-year  is  about  1 : 1.8.  Any  advantages  which  there  may 
be  in  the  use  of  an  electric  blast  furnace  instead  of  an  ordinary  blast 
furnace,  such  as  the  saving  in  blowing  by  reason  of  not  ha4ig  to 
furnish  air  for  burning  the  coke,  will  be  disregarded,  and  it  is  assumed 
that  the  cost  of  electrodes  and  of  the  electricity  on  the  one  hand,  and 
the  cost  of  its  equivalent  in  heating  value  of  coke  on  the  other,  would 
be  equal;  in  other  words,  that  the  cost  of  electrodes  and  electricity 
would  balance  the  cost  of  the  amount  of  coke  that  would  be  necessary 
to  smelt  the  same  quantity  of  ore. 

Co8t  of  electrodes, — ^The  average  consumption  of  electrodes  in  smelt- 
ing iron  ore  at  TroUhattan,  Sweden,  is  about  10  pounds  per  ton  of 
iron  produced.  Assuming  that  1  ton  of  iron  is  equivalent  to  2  tons 
of  iron  ore,  the  consumption  of  electrodes  per  ton  of  charge  smelted 
in  a  furnace  such  as  the  one  under  discussion  would  not  be  over  6 
pounds  per  ton.  If  it  is  assumed  that  the  electrodes  do  not  cost 
over  6  cents  per  pound,  which  allows  a  fair  margin  for  transportation 
over  their  cost  at  the  factory,  the  cost  of  electrodes  would  be  about 
30  cents  per  ton  of  charge  smelted.  The  consumption  would  prob- 
ably be  considerably  less  than  5  pounds  per  ton,  as  in  an  experiment 
performed  by  the  writers  in  which  air  was  blown  into  the  furnace, 
the  electrode  consumption  was  only  2  pounds  per  ton  of  ore  treated. 
Such  being  the  case,  if  the  combined  electrical  energy  and  electrode 
cost  is  not  to  exceed  the  equivalent  coke  cost,  with  coke  at  $9  a  ton, 
the  cost  of  electrical  energy  would  be  9X1.8  =  $16.20  a  kilowatt- 
year,  minus  the  cost  of  electrodes,  or  about  $16.  Compared  on  the 
basis  of  calories,  if  the  coke  contains  80.24  per  cent  fixed  carbon,  it 
would  contain  1,604.8  pounds  of  carbon  per  ton  of  2,000  pounds,  and 
this  carbon  would,  if  completely  burned  to  CO3,  give  a  calorific  value 
of  about  13,000,000  pound-calories.  As  one  kilowatt-year  of  electric 
energy  is  equivalent  to  16,616,000  pound-calories,  it  would  require 
something  like  1.2  tons  of  coke  containing  80.24  per  cent  fixed  carbon 
to  equal  in  calorific  value  a  kilowatt-year,  if  it  be  assumed  that  all 
the  carbon  of  the  coke  is  completely  burned  to  CO2,  a  condition  which 
rarely  occurs  in  practice.  It  has  been  determined  from  actual  prac- 
tice that  from  1.5  to  1.8  tons  of  coke  are  required  to  yield  the  same 
number  of  useful  calories  as  may  be  obtained  from  1  kilowatt-year 
of  electrical  energy. 

THE  USE  OF  THE  ELECTBIC  BLAST  FXJBNACE  IN  THE  SMELTING 

OF  PTBITIC  ORES. 

As  was  previously  stated,  in  all  true  pyritic  smelting  a  certain 
amount  of  fuel,  usually  coke,  that  varies  with  the  nature  of  the  ore 
is  added  to  the  charge.  Assume,  for  the  purpose  of  this  discussion, 
that  the  ore  being  treated  is  entirely  suited  to  pyritic  smelting  and 
that  it  is  not  necessary  to  add  more  than  0.5  per  cent  of  coke  to  the 
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charge,  could  such  an  ore  be  treated  as  well  in  an  electric  blast  fur- 
nace as  in  an  ordinary  furnace,  assuming  that  the  costs  would  be  the 
same  in  each  case  ?  As  ^at  has  been  stated  in  r^ard  to  the  con- 
struction of  the  furnace  and  the  costs  of  applying  the  process  is  as 
applicable  to  true  pyritic  as  it  is  to  semipyritic  smelting,  the  discus- 
sion will  be  limited  to  the  metallurgical  and  chemical  features  involved. 

The  nature  of  the  atmosphere  in  a  pyrite  furnace  will  first  be  con- 
sidered. As  the  air  enters  the  tuyeres  practically  all  of  its  ox3^en 
enters  into  immediate  combination  with  sulphur  and  iron  to  form 
SO,  and  FeO.  Although  some  oxygen  escapes  combination,  the 
amount  is  not  sufficient  to  support  combustion  within  the  furnace,  as 
has  been  shown  by  Sticht  and  others."  So  much,  then,  for  the  nature 
of  the  atmosphere  within  the  furnace. 

The  changes  which  take  place  in  the  charge  as  it  descends  from  the 
charging  door  to  the  fusion  zone  are  few  and  may  briefly  be  stated  as 
follows: 

1.  The  iron  sulphide  loses  one-half  of  its  sulphur  as  elemental  sul- 
phur and  becomes  FeS. 

2.  The  chalco pyrite  loses  about  one-fourth  of  its  sulphur  and 
becomes  practically  a  mixture  of  CujS  and  FeS. 

3.  The  silica  is  unchanged. 

4.  The  coke  is  for  the  most  part  consumed  in  the  upper  zone  of  the 
furnace,  not  by  the  oxygen  of  the  air,  as  no  free  oxygen  exists  in  that 
part  of  the  shaft,  but  by  the  O  from  SO,;  that  is,  the  carbon  of  the 
coke  reduces  the  SO,,  the  products  of  the  reaction  being  S  and  CO, 
and  this  CO  reacts  with  more  SO,,  forming  S  and  CO,.  Aside  from 
these  reactions,  which  are  of  no  great  importance  in  the  chemistry  of 
the  process,  the  chief  office  of  the  coke,  as  pointed  out  by  Sticht,* 
"  is  apparently  to  heat  up  the  sulphides  and  the  quartz  in  preparation 
for  their  active  oxidation  deei>er  in  the  furnace.^'  If,  therefore,  coke 
was  omitted  from  the  charge,  this  preparation  of  the  sulphides  and 
the  quartz  would  not  take  place,  and  it  becomes  necessary  to  deter- 
mine how  detrimental  to  the  process  this  lack  of  preparation  would  be. 

In  order  to  answer  this  question  it  must  be  borne  in  mind  that  in 
true  pyritic  smelting  there  is  *'no  heat  to  spare,'*  and  that  although, 
as  pointed  out  by  Sticht,  the  heat  evolved  by  the  combustion  of  the 
coke  by  the  oxygen  of  sulphur  dioxide  is  only  one-third  as  much  as  it 
would  be  if  the  oxygen  were  furnished  direct  by  the  blast,  and  that 
it  is  given  oflf  at  a  point  considerably  higher  than  the  focus  of  the 
fiunace,  it  nevertheless  *' assists  in  preparing  the  charge  for  the 
reactions  which  take  place  in  the  focus  of  the  furnace,  for  with  1 
per  cent  of  coke  in  the  charge  enough  heat  is  generated  to  supply 

a  Peters,  E.  D.,  Principles  of  copper  smelting,  1907,  p.  225. 
6  Peters,  E.  D.,  loc.  clt.,  p.  227. 
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one-third  of  the  heat  required  to  melt  the  entire  pyrrhotite  contents 
of  the  chaise."  This  extra  heat  * 'doubtless  furnishes  just  the 
necessary  aid  to  bridge  the  operation  over  some  critical  point." 
From  this  it  is  evident  that  the  office  of  the  coke,  then,  is  solely  for 
the  purpose  of  furnishing  heat.  Inasmuch  as  the  nature  of  the 
charge  in  true  pyritic  smelting  is  such  as  to  demand  the  oxidation 
and  removal  of  a  large  excess  of  iron  as  sihcate;  and  as  it  is  neces- 
sary to  cause  the  sihca  present  to  unite  with  as  much  FeO  as  pos- 
sible, due  to  the  fact  that  as  a  rule  sUica-bearing  materials,  which 
often  are  barren  and  hard  to  obtain,  have  to  be  added  for  slag- 
forming  purposes,  and  as  the  saturation  point  of  sihca  for  iron  oxide 
is  greater,  the  higher  the  temperature  attainable  in  the  pyritic  fur- 
nace; it  is  quite  necessary  that  the  reactions  in  the  melting  zone  of 
the  furnace  proceed  as  energetically  as  possible  in  order  to  meet 
these  requirements  and  to  provide  enough  heat  to  keep  the  process 
going.  If,  therefore,  pyritic  smelting  be  attempted  in  an  electric 
blast  furnace  it  would  be  necessary  to  supply  the  heat  from  the 
electric  current  in  such  a  manner  as  to  insure  there  bein^  enough 
heat  at  the  focus  to  carry  on  the  reactions  at  that  point  in  the  same 
manner  as  if  coke  had  been  added  to  the  charge.  The  writers  are 
of  the  opinion  that  it  would  be  possible  and  perfectly  feasible  to  do 
this  in  a  furnace  of  the  tjrpe  shown  in  figure  5.  Moreover,  the  use 
of  electric  heating  would  permit  of  a  more  uniform  operation  of  the 
furnace  than  is  now  possible,  for  with  the  electric  current  it  would 
be  an  easy  matter  to  quickly  increase  or  decrease  the  heat  required 
for  the  successful  operation  of  the  furnace.  In  this  way  there 
could  be  maintained  the  *' degree  of  concentration  at  a  constant" 
which,  as  pointed  out  by  Sticht,  is  very  important,  but  is  extremely 
difficult  to  do.  Also  the  troubles  could  be  avoided  that  arise  from 
the  constant  fluctuations  "which  are  bound  to  occur  and  which  at 
present  demand  unbroken  attention  and  frequent  changes  in  the 
charge,  especially  in  its  proportion  of  sihca,  due  to  the  fact  that  in 
true  pyrite  smelting  there  is  no  heat  to  spare,"  because  with  the  elec- 
tric blast  furnace  it  would  be  possible  as  just  stated,  to  increase  or 
decrease  the  heat  whenever  it  would  be  necessary  to  do  so  in  order  to 
meet  these  fluctuations. 

CONCIiUSION. 

The  electric  smelting  of  copper  ores  is  nothing  more  than  the  sub- 
stitution of  electric  heat  for  the  heat  derived  from  the  combustion 
of  carbon.  Inasmuch  as  the  carbon  which  is  used  either  in  the 
reverberatory  furnace  or  in  the  blast  furnace  plays  no  important 
part  in  the  reactions  that  take  place  in  these  furnaces,  there  is  no 
reason  metallurgically  why  electric  heat  may  not  be  substituted  for 
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the  heat  derived  from  the  combustion  of  carbon.  In  fact,  as  the  au- 
thors have  attempted  to  point  out,  in  some  cases  the  reactions  would 
take  place  to  better  advantage  in  the  neutral  atmosphere  of  the  elec- 
tric furnace  than  in  the  reducing  or  partly  reducing  atmosphere  of  the 
combustion  furnace.  Therefore,  the  practicabihty  of  using  the  elec-  1 
trie  furnace  for  the  smelting  of  copper  ores  would  largely  depend  on  . 

the  relative  cost  of  coke  and  electric  power.  As  the  use  of  the  elec-  | 
trie  furnace  is  not  advocated  as  a  competitor  of  the  combustion  fur- 
nace, but  as  a  substitute  for  it,  in  those  localities  where  it  is  not 
advisable,  because  of  the  high  cost  of  fuel,  to  use  the  combustion  fur- 
nace, there  is  no  apparent  reason  why  the  electric  furnace  may  not 
be  developed  as  a  substitute  for  the  combustion  furnace  where  the 
conditions  are  such  as  to  warrant  its  use,  especially  in  the  treatment 
of  copper-bearing  ores.  In  this  connection  it  is  to  be  remembered 
that  the  development  of  the  electric  furnace  in  the  iron  industry 
for  the  reduction  of  iron  from  its  ores  was  due  to  necessity'.  As  a 
matter  of  fact,  the  field  for  the  electric  furnace  in  the  reduction  of 
iron  from  its  ores  is  a  limited  one.  Perhaps  the  same  is  true  as 
regards  the  possible  application  of  the  electric  furnace  to  the  treat- 
ment of  copper  ores,  but,  judging  from  the  comparative  costs,  as 
shown  in  the  preceding  pages,  it  would  seem  that  the  possibifities  of 
the  electric  furnace  for  the  treatment  of  copper  ores  are  greater  than 
those  for  the  treatment  of  iron  ores,  because  there  is  not  so  great  a 
difference  between  the  cost  of  coke  and  of  electric  power  in  copper- 
mining  districts  as  there  is  in  iron-smelting  centers.  Also  the  cost 
of  electric  power  is  constantly  becoming  less,  through  improvements 
in  gas  engines  and  steam  turbines,  so  that  in  districts  where  water 
power  is  not  plentiful  but  cheap  fuels  unsuited  to  coke  making  are 
available,  it  may  be  found  more  advantageous  to  use  electric  heat 
than  the  heat  derived  from  the  combustion  of  coke. 

It  is  sincerely  hoped  by  the  writers,  although  it  is  impossible  at 
this  time  to  present  but  few  facts,  that  the  comparative  study 
herewith  presented  may  serve  to  stimulate  interest  in  the  subject 
of  the  electric  smelting  of  copper  ores  and  to  cause  others  to  attempt 
a  further  investigation  of  the  subject.  As  a  result  of  their  investi- 
gation, the  writers  are  convinced  that  experimental  work  on  a  larger 
scale  would  lead  to  the  development  of  an  electric  blast  furnace  which 
in  some  cases  could  be  used  to  better  advantage  for  smelting  sul- 
phide ores  of  copper  than  the  combustion  blast  furnace. 
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ANALYSES  OF  MINE  AND  CAR  SAMPLES  OF  COAL  COL- 
LECTED IN  THE  FISCAL  YEARS  1911  TO  1913. 


By  Abno  C.  Fieldner,  Howard  I.  Smith,  Albert  H.  Fat,  and 

Samuel  Sanford. 


SAMPLING  AND  ANALYTICAL  METHODS. 

By  Arno  C.  Fieldner. 


INTRODUCTION . 

In  connection  with  investigations  relating  to  fuels  belonging  to  or 
for  the  use  of  the  United  States  Government,  the  causes  of  accidents 
in  coal  mines,  the  geologic  relations  of  coal  beds,  and  the  character 
of  the  coal  and  the  value  of  the  fuel  in  the  pubUc  lands,  many  mine 
samples  of  coal  are  analyzed  each  year  in  the  laboratories  of  the 
Bureau  of  Mines.  The  systematic  collection  and  analysis  of  coal 
samples  in  connection  with  investigations  of  fuels  was  begun  in  1904 
at  the  Government  fuel-testing  plant  at  the  Louisiana  Piu-chase 
Exposition,  and  was  under  the  direction  of  the  United  States  Geo- 
logical Survey  for  six  years.  Descriptions  of  the  coal  samples  col- 
lected in  connection  with  these  investigations  between  the  beginning 
of  this  work,  July  1,  1904,  and.  the  transfer  of  the  fuel-testing  and 
mine-accident  investigations  to  the  Bm*eau  of  Mines,  July  1,  1910, 
were  compiled  and  published  in  Bm*eau  of  Mines  Bulletin  22. <* 

The  present  bulletin  presents  analyses  and  descriptions  of  samples 
collected  during  the  fiscal  years  1911  to  1913.  In  order  that  the 
material  in  this  bulletin  may  be  used  to  supplement  that  presented  in 
Bulletin  22,  the  same  plan  of  geographical  classification  has  been  fol- 
lowed, the  analyses  and  descriptions  of  the  samples  being  grouped  in 
alphabetical  order  according  to  the  State,  coimty,  and  town  near 
which  the  mines  or  prospects  sampled  are  situated. 

•  Lord,  N.  W.,  and  others:  Analjrses  of  coals  in  the  United  States,  with  descriptions  of  mine  and  field 
samples  collected  between  July  1, 1904,  and  June  30, 1910.  Bull.  22,  Bureau  of  Mines,  1912.  1 ,200  pp.  (in 
two  parts). 
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tions of  those  samples  collected  by  the  geologists  of  the  survey,  and 
for  revising  the  nomenclature  of  coal  beds  and  geolc^c  formations. 

The  mine  samples  from  Missouri  were  collected  under  the  direction 
of  H.  A.  Buehler,  director  of  the  Missouri  Geological  Survey. 

The  collection  of  samples  by  the  fuel-inspection  service  of  the 
Bureau  of  Mines  was  under  the  direction  of  G.  S.  Pope,  engineer. 
Samples  designated  by  the  letter  W  preceding  the  laboratory  number 
were  analyzed  in  the  Washington  laboratory  of  the  bureau  under  the 
direction  of  J.  D.  Davis,  chemist. 

The  collection  of  mine  samples  and  the  gathering  of  mine  data  by 
the  field  engineers  of  the  bureau  were  done  under  the  direction  of  G.  S. 
Rice,  chief  mining  engineer  of  the  bureau,  who  has  also  reviewed  the 
descriptions  and  comments  on  the  methods  of  field  sampling.  The 
descriptions  of  the  mines  and  the  sections  of  the  coal  beds  were  com- 
piled by  H.  I.  Smith  and  A.  H.  Fay,  mining  engineers,  and  Samuel 
Sanf ord,  engineer.  The  chemical  analyses  were  made  imder  the  direc- 
tion of  A.  C.  Fieldner,  chemist,  who  was  assisted  by  D.  I.  Brown, 
assistant  chemist;  C.  K.  Glycart,  A.  E.  Hall,  Harold  Isenberg,  W.  A. 
Mueller,  G.  G.  Oberfell,  F.  D.  Osgood,  G.  E.  Postma,  W.  A.  Sdvig, 
C.  A.  Taylor,  G.  G.  Taylor,  G.  E.  Webster,  A.  M.  Wedd,  and  H.  G. 
Woodward,  jimior  chemists;  W.  E.  Surbled,  laboratory  assistant; 
Max  Hecht  and  Morris  Block,  laboratory  helpers.  The  junior  chem- 
ists and  laboratory  helpers  were  engaged  on  coal  analyses  for  varying 
lengths  of  time,  ranging  from  one  month  to  two  years.  The  com- 
puting and  the  tabulating  of  the  analyses  at  the  Pittsburgh  laboratory 
were  under  the  direction  of  Lauson  Stone,  engineer. 

COULECTION  OF  SAMPLES. 

Samples  designated  by  the  letter  A  in  the  table  of  analyses  were 
collected  by  representatives  of  the  Bureau  of  Mines,  in  connection 
with  the  investigation  of  fuels  belonging  to,  or  for  the  use  of,  the 
Government;  and  the  investigation  of  accidents  in  coal  mines.  Under 
this  designation  are  also  included  a  number  of  samples  collected  by 
the  Missoiui  Geological  Survey  in  cooperation  with  the  Bureau  of 
Mines. 

The  samples  designated  by  the  letter  B  in  the  table  of  analyses  were 
collected  by  the  United  States  Geological  Survey  in  connection  with 
the  study  of  the  geologic  relations  of  coal  beds  and  the  classification 
of  public  lands. 


RELATION   OF   SAMPLES  TO   COMMERCIAL  SHIPMENTS.  3 

METHOD  OF  MINE  SAMPLING  FOLLOWED  BY  BXJBEAU  OF  MINES. 

The  method  of  collecting  mine  samples  that  is  practiced  by  the 
Bureau  of  Afines  has  been  described  in  detail  in  a  previous  publi- 
cation." It  involves  selecting  a  representative  face  of  the  bed  to 
be  sampled;  cleaning  the  face;  making  a  cut  across  it  from  roof  to 
floor,  and  rejecting  or  including  impurities  in  this  cut  according  to 
a  definite  plan  as  they  are  included  or  excluded  in  mining  operations; 
reducing  this  gross  sample,  by  crushing  and  quartering,  to  about  3 
pounds;  and  immediately  sealing  the  3-poimd  sample  in  an  air- 
tight container  for  shipment  to  the  laboratory. 

COLLECTION  OF  CAB  SAMPLES. 

The  carload  lots  of  coal  shipped  to  Pittsburgh  for  test  were  sampled 
by  taking  definite  quantities  of  coal  at  regular  intervals  from  a  car 
as  it  was  unloaded,  and  by  reducing  to  convenient  size  (about  50 
pounds)  the  gross  sample  thus  obtained. 

METHOD  OF  SAMPLING  FOLLOWED  BY  THE  UNITED  STATES 

GEOLOGICAL  STJBVEY. 

In  collecting  mine  samples  the  Geological  Survey  follows  essen- 
tially the  same  method  of  sampUng  as  Uiat  used  by  the  Bureau  of 
Mines.  However,  in  sampling  outcrops  and  prospect  holes  or  coxm- 
try  banks  when  mining  is  not  in  progress,  the  geologist  can  not 
imitate  the  miner  in  rejecting  or  including  impurities  in  the  sample, 
and  hence  the  sample  from  the  cut  across  the  bed  includes  all  part- 
ings or  binders  less  than  three-eighths  of  an  inch  thick  and  every 
concretion  or  "sulphur  ball"  having  a  maximum  diameter  of  less 
than  2  inches  and  a  thickness  of  less  than  one-half  inch.  All  other 
impurities  in  the  bed  are  excluded  from  the  sample.  Obviously  an 
arbitrary  and  uniform  system  of  rejecting  impurities  is  necessary 
for  sampling  outcrops,  prospects,  and  imdeveloped  mines. 

RBIiATION  OF  MINE  SAMPIJSS  TO  COMMERCIAL.    SHIP- 
MENTS. 

In  making  statements,  on  the  basis  of  the  analyses  of  mine  samples, 
in  regard  to  the  quality  of  coal  shipped  from  a  mine  due  allowance 
must  be  made  for  the  larger  proportion  of  impurities  that  may  be 
included  in  the  conwnercial  operation  of  the  mine.  It  is  difficult  to 
take  a  mine  sample  in  which  impurities  are  rejected  in  exactly  the 
same  manner  as  is  done  by  the  miner.    The  practice  of  different 

a  Hobiies*  J.  A.,  The  Bampling  of  coal  in  the  mine:  Technical  Paper  1,  Bureau  of  MInee,  1911, 18  pp. 
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miners  will  vary,  especially  if  rigid  inspection  at  the  tipple  is  not 
enforced.  In  some  mines,  for  instance,  where  the  coal  bed  has  friable 
partings  or  has  a  soft,  flaky  roof  or  floor,  the  inclusion  of  some  foreign 
matter  is  imavoidable.  Hence  the  analysis  of  the  mine  sample 
usually  indicates  a  better  grade  of  coal,  as  regards  ash  content  and 
heating  value,  than  the  actual  commercial  shipments,  and  for  this 
reason  the  mine  sample  should  be  considered  as  representing  the 
coal  that  can  only  be  produced  imder  the  most  favorable  conditions  of 
mining  and  preparation. 

In  commercial  shipments  that  are  sampled  at  their  destination 
the  moisture  content  may  be  either  more  or  less  than  that  in  the 
mine  samples,  the  relative  proportions  depending  on  the  amoimt  of  bed 
moisture,  the  size  of  the  coal,  and  the  weather  conditions  during  transit. 

Coals  containing  5  per  cent  or  more  of  moistiu-e  tend  to  lose  mois- 
ture while  in  transit.  Slack  coal  usually  contains  more  moisture 
than  the  mine  sample.  Low-moisture  coals  shipped  in  open  cars 
may  gain  or  lose  moisture,  depending  on  weather  conditions.** 

The  calorific  value,  referred  to  moisture-free  and  ash-free  coal,  of 
samples  taken  from  shipments  at  destination,  tends  to  be  slightly 
lower  than  that  of  the  fresh  mine  samples  from  the  same  mine. 
The  deterioration  is  caused  mainly  by  the  freshly  exposed  surfaces 
of  coal  absorbing  oxygen  from  the  air.  The  rate  of  deterioration 
varies  with  the  different  types  of  coal  and  depends  on  a  number  of 
factors,  chief  of  which  are:  (1)  Size  of  coal,  (2)  proportion  of  sur- 
face exposed  to  circulating  air,  (3)  duration  of  exposiu'e,  (4)  tem- 
perature and  himiidity. 

It  is  therefore  difficult  to  assign  any  definite  values  for  deterioration 
of  coal  while  in  transit.*  A  number  of  mine  and  car  samples  tested 
by  the  United  States  Geological  Survey  and  the  Bureau  of  Afines 
showed  the  following  average  losses: 

Average  loss  in  moisture-free  and  ash-free  calorific  value  of  car  sample  as  compeared  tvith 

that  of  mine  sample. 

Kind  of  coal .  Per  cent. 

SemibituminouB,  New  River  and  Pocahontafi 0. 1 

Bituminous,  Appalachian  field 3 

BituminouB,  Illinois,  Indiana,  and  Missouri 8 

Subbituminous  and  lignite 1.3 

a  For  a  comparison  of  the  moisture,  ash,  and  suJphur  contents  of  mine  and  car  samplee  tested  at  the 
United  States  fuel-testing  plant,  St.  Louis,  Mo.,  6ce  Burrows,  J.  S.,  The  importance  of  uniform  and  syste- 
matic  coal-mine  sampling:  U.  S.  Oool.  Survey  Bull.  316, 1907,  pp.  490-560.  For  a  discussion  of  moistore 
in  cool  deliveries,  see  Pope,  0.  S.,  Sampling  coal  deliveries:  Bull.  63,  Bureau  of  Mtnes,  1913,  p.  12. 

b  For  data  on  deterioration  of  coal  see  Porter,  H.  C,  and  Ovitz,  F.  K.,  Deterioration  and  spontaneous 
combustion  of  coal  in  storage,  a  preliminary  report:  Tech.  Paper  16,  Bureau  of  Mines,  1912, 14  pp.;  The 
eecape  of  gas  fk-om  coal:  Tech.  Paper  2,  Bureau  of  Mines,  1911, 14  pp.,  1  fig.;  Parr,8.  W.,  and  Wheeler,  W.F^ 
The  weathering  of  oool:  University  of  Illinois  Eng.  Exp.  Station  Bull.  38, 1909. 
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ANAIiYTICAU  METHODS. 

The  methods  of  analysis  and  the  details  of  apparatus  used  by  the 
Bureau  of  Mines  in  analyzing  coal  are  fully  described  in  Bulletin  22  ** 
and  Technical  Paper  8  *  of  the  Bureau  of  Mines.  They  are  briefly 
summarized  here,  certain  changes  in  minor  details,  which  are  fully 
discussed  in  Technical  Paper  76,^  being  described. 

PBEPABATION  OF  LABOBATOBY  SAMPLES. 

Immediately  after  the  sealed  3-pound  can  in  which  the  sample  is 
received  at  the  laboratory  has  been  opened,  the  contents  are  trans- 
ferred to  a  weighed  sheet-metal  pan,  spread  out  to  a  depth  of  1  inch, 
and  at  once  weighed.  The  pan  containing  the  sample  is  placed  in  a 
large  drying  oven  in  which  a  temperature  of  30°  to  35°  C.  is  main- 
tained. Through  this  oven  a  current  of  warm  air  is  made  to  flow 
by  means  of  an  ordinary  desk  fan  mounted  on  top  of  the  oven,  and 
the  sample  is  dried  until  the  loss  in  weight  between  two  successive 
weighings,  made  6  to  12  hours  apart,  does  not  exceed  0.5  per  cent. 
The  total  loss  of  weight  is  reported  as  *' air-drying  loss." 

Immediately  after  the  last  weighing  has  been  made  the  entire 
sample  is  quickly  pulverized  to  10-mesh  size  by  being  passed  through 
a  roll  crusher.  After  having  been  mixed,  the  10-mesh  material  is 
reduced  with  a  riffle  sampler  to  500  grams.  This  500-gram  part  is  at 
once  transferred  to  the  porcelain  jar  of  an  Abbe  ball  mill,  which  is 
sealed  air-tight  and  rotated  at  the  rate  of  60  revolutions  per  minute 
until  the  coal  is  pulverized  to  60-mesh  size. 

This  60-mesh  coal  is  emptied  on  a  one-half-inch  screen,  which  is 
vigorously  shaken  to  detach  the  coal  from  the  pebbles.  The  sample 
(approximately  500  grams)  is  then  reduced  to  the  final  laboratory 
sample  of  approximately  60  grams  by  successive  halvings  with  a 
small  riffle  sampler.  The  final  sample  is  put  through  the  60-mesh 
sieve  and  at  once  transferred  to  a  4-ounce  wide-mouthed  bottle, 
which  is  securely  closed  with  a  well-fitting  rubber  stopper.  Any 
particles  of  coarse  material  remaining  on  the  sieve  are  carefully 
rubbed  down  to  60-mesh  size  on  a  bucking  board  and  are  thoroughly 
mixed  with  the  sample  in  the  bottle. 

This  air-dried  sample  is  used  in  all  analytical  determinations. 

a  Lord,  N.  W.,  and  others,  Analyses  of  coals  in  the  United  States,  with  descriptions  of  mine  and  field 
samples  collected  between  Joij  1, 1904,  and  June  30, 1910:  Bull.  22,  Bureau  of  Mines,  1913,  pp.  10-26. 

^  Stanton,  F.  M.,  and  Fieldner,  A.  C,  Methods  of  analysing  coal  and  coke.  Tech.  Paper  8,  Bureau  of 
Mines,  1913, 42  pp. 

c  Fieldner,  A.  C,  Notes  on  the  sampling  and  analysis  of  coal:  Tech.  Paper  76,  Bureau  of  Mines,  1914, 
pp.  14-58. 
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BETEBMINATION  OF  MOISTX7BB. 

The  residual  moisture  in  the  air-dried  sample  is  determined  by 
heating  1  gram  in  a  shallow  porcelain  capsule;  seven-eighths  of  an  inch 
deep  and  If  inches  in  diameter,  for  one  hour  at  105®  C.  in  a  constant- 
temperature  oven  through  which  a  current  of  dry  preheated  air  is 
rapidly  passing.  The  air  is  dried  by  being  passed  through  concen- 
trated sulphuric  acid.  The  covered  capsule  is  cooled  in  a  desiccator 
over  sulphuric  acid  and  then  weighed.  The  loss  in  weight  is  called 
"moisture  at  105°"  in  the  air-dried  coal. 

ASH  DETEBMINATIOK. 

The  same  sample  is  used  for  determining  ash  as  was  previously 
used  for  determining  moisture.  A  porcelain  capsule  containing  the 
sample  is  placed  in  a  cool  muffle  and  the  temperature  is  gradually 
raised  to  approximately  750°  C.     The  ignition  in  the  muffle  is  con- 
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1.— Apparatus  for  determining  TolatHe  matter. 


tinned,  with  occasional  stirring  of  the  ash,  untU  all  particles  of  carbon 
have  disappeared.    After  the  capsule  containing  the  ash  has  been* 
cooled  in  a  desiccator  it  is  weighed  and  ignition  is  repeated  imtil  con- 
stant weight  (0.0005  gram  or  less)  has  been  attained. 

The  ash  content  as  determined  by  this  method  represents  the 
ignited  mineral  residue  or  ''uncorrected  ash." 

BETEBMINATIOK  OF  VOLATILE  MATTEB. 

APPARATUS. 

A  1-gram  sample  of  the  fine  (OO-mesh)  coal  is  weighed  into  a  bright, 
well-bumished,  10-gram  (10  c.  c.)  platinum  crucible  (a,  fig.  1),  with 
a  close-fitting  capsule  cover,  b.    The  crucible  and  contents  are  heated 
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to  a  temperature  of  950°  C.  upon  a  platinum  or  nichrome  triangle  for 
seven  minutes  in  the  full  flame  of  a  No .  3  Meker  burner.  The  gas  orifice 
of  the  burner  is  adjusted  to  give  a  free-burning  flame  frcm  16  to  18  cm. 
high.  The  crucible  should  be  so  placed  in  the  triangle  that  its  bottom 
is  2  cm.  above  the  top  of  the  burner.  To  protect  the  crucible  from 
the  effects  of  drafts  it  is  put  in  a  sheet-iron  chimney  of  special  design. 
The  maximum  temperature,  as  measured  by  a  thermocouple  whose 
hot  jimction  is  buried  in  the  coal  and  in  contact  with  the  inside  sur- 
face of  the  bottom,  should  be  950®  C.  After  being  heated  exactly 
seven  minutes,  the  crucible  is  cooled  and  weighed.  The  loss  in  weight 
minus  the  weight  of  moisture  determined  at  105°  C.  times  100  equals 
the  percentage  of  volatile  matter. 

MODIFIED  METHOD  FOR  LIGNITES  AND  SUBBITUMINOUS  COALS. 

Lignites  and  coals  high  in  moisture  are  heated  at  a  low  tempera- 
ture until  all  the  moisture  is  driven  out  in  order  to  avoid  mechanical 
losses  from  material  thrown  out  of  the  crucible  by  the  rapid  escape  of 
steam  and  volatile  matter."  This  preliminary  heating  for  four  to 
six  minutes  is  followed  by  the  usual  7-minute  application  of  the  full 
flame. 

It  should  be  clearly  understood  that  the  volatile  matter  does  not 
represent  any  definite  compound  in  the  coal.  The  method  of  deter- 
mination is  wholly  conventional,  and  any  variation  in  temperature  or 
rate  of  heating  will  change  the  amount  of  volatile  matter  determined. 

USE   OF  THE   ELECTRIC   FURNACE. 

Since  February  26,  1913,  all  volatile-matter  determinations  at  the 
bureau's  laboratory  in  Pittsburgh  have  been  made  in  specially 
designed  electric  furnaces  of  the  vertical  type  (fig.  2).  Two  of  these 
furnaces  are  connected  in  series  and  are  controlled  by  a  single  rheostat. 
A  current  of  8  to  9  amperes  is  required  to  maintain  the  temperatiu-e 
of  each  furnace  at  950®  C.  .Under  these  conditions  the  drop  in 
potential  across  the  two  furnaces  is  60  volts.  The  life  of  the  heating 
element  under  daily  operation  has  been  six  to  eight  months.  Each 
furnace  contaii^  a  platinum  platinum-rhodium  thermocouple  that  is 
connected  to  a  millivoltmeter  through  a  double-pole,  double-throw 
switch.  The  position  of  the  hot  junction  in  each  furnace  is  so  ad- 
justed that  the  direct  reading  of  the  temperature  scale  of  the  milli- 
voltmeter is  the  same  as  the  maximum  temperature  attained  inside 
the  crucible  as  determined  by  another  standardized  couple  whose 
hot  junction  is  in  contact  with  the  bottom  of  the  interior  of  the 

a  I^ord,  N.  W. :  Experimental  work  conducted  in  the  chemical  laboratory  of  the  United  States  fuel-testing 
plant  at  St.  Louis,  Mo.  .U.  S.  GeoL  Survey  BulL  323  (reprinted  as  BulL  28,  Bunau  of  Mines),  pp.  6-7, 

47664**— BuU.  85—14 2 
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crucible.  In  making  this  comparison  a  nickel  cover  perforated  for 
admitting  the  thermocouple  leads  is  substituted  for  the  usual  platinum 
cover  of  the  crucible.  To  avoid  possible  contamination  of  the  ther- 
mocouple, 1  gram  of  ignited  silica  or  alimiina  is  used  instead  of  coal. 

DETEBMINATIOK  OF  FIXED  CARBON. 

The  fixed  carbon  content  of  the  sample  is  determined  by  calcula- 
tion— by  subtracting  the  sum  of  the  percentages  of  moisture,  ash, 
and  volatile  matter  from  100. 

SULPHTJB  BETEBMINATIOK. 

Sulphiu*  is  determined  by  the  Eschka  method.  A  1.3737-gram 
part  of  the  air-dried  coal  is  mixed  with  6  grams  of  Eschka  mixtiu*e 
in  a  No.  1  porcelain  crucible  and  gradually  heated  in  a  muffle,  with 
free  access  of  air,  imtil  all  the  carbon  has  been  consxuned.  The  sul- 
phm:  is  extracted  with  hot  water,  completely  oxidized  to  sulphate 
with  bromine  water,  and  precipitated  and  weighed  as  barium  sulphate. 

DETEKMINATION  OF  CARBON  AND  HYDROGEN. 

Carbon  and  hydrogen  are  determined  by  the  usual  method  of 
combustion  in  a  current  of  oxygen.  A  0.2-gram  part  of  the  air-dried 
coal  is  bimied  in  a  25-burner  combustion  fimiace  of  the  Glazer  type 
or  in  an  electrically  heated  furnace  of  the  Heraeus  type.  Complete 
oxidation  is  insiu-ed  by  passing  the  products  of  combustion  over  red- 
hot  copper  oxide.  A  layer  of  lead  chromate,  following  the  copper 
oxide,  removes  the  sulphiu*.  The  water  and  carbon  dioxide  are 
absorbed  and  weighed  in  calciiun  chloride  and  potassiiun  hydroxide 
solution  respectively.  No  correction  is  made  for  carbon  or  hydrogen 
from  inorganic  matter  in  the  coal. 

NITROGEN  DETERMINATION. 

Nitrogen  is  determined  by  the  Kjeldahl-Gimning  method.  One 
gram  of  the  air-dried  coal  is  digested  with  30  c.  c.  of  concentrated 
sulphuric  acid,  0.5  gram  of  metallic  mercury,  and  5  grams  of  potas- 
siiun sulphate,  imtil  the  carbon  has  been  completely  oxidized  and  all 
the  nitrogen  has  been  converted  to  ammonium  sulphate.  After 
dilution  with  water  and  precipitation  of  the  mercury  by  the  addition 
of  potassium  sulphide,  an  excess  of  sodium  hydroxide  is  added  and 
the  anmionia  determined  by  distillation. 

DETERMINATION  OF  CAUFORIC  VALUE. 

The  heat  of  combustion  is  determined  with  the  bomb  calorimeter. 
One  gram  of  the  air-dried  coal  is  completely  burned  in  compressed 
oxygen  gas  and  the  total  heat  evolved  is  absorbed  in  a  weighed 
quantity  of  water  in  which  the  bomb  is  immersed.    The  rise  in  tern- 
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(1)  Water  or  moisture;  (2)  mineral  impm'ities  that  remain  in  a 
somewhat  altered  condition  as  ash  when  the  coal  is  bmned;  (3) 
organic  or  combustible  matter,  which  is  approximately  represented 
by  the  volatile  matter  and  fixed  carbon. 

MOISTURE    CONTENT. 

The  moisture  in  coal  consists  of  (1)  extraneous  moisture,  which 
comes  from  external  sources,  such  as  imderground  waters  trickling 
over  the  face  of  the  coal  bed,  through  the  coal  bed,  and,  in  places 
going  to  the  dip,  from  the  coal  shot  down  lying  in  water,  condensa- 
tion from  saturated  mine  air,  or,  as  regards  car  samples,  from  atmos- 
pheric precipitation  or  from  water  used  for  washing  the  coal,  and 
(2)  inherent  moisture,  which  is  one  of  the  products  of  the  original 
vegetable  matter  from  which  coal  is  derived. 

Analysis  does  not  differentiate  between  extraneous  and  inherent 
moisture,  because  in  air-drying  coal  not  only  is  the  extraneous  or 
superficial  moisture  removed  but  also  more  or  less  of  the  inherent 
moisture,  the  amount  depending  on  the  fineness  of  the  coal  and  the 
humidity  of  the  air.  The  percentage  loss  of  weight  on  air  drying 
should  be  regarded  merely  as  an  indication  of  the  relative  tendency 
of  different  coals  to  lose  moisture,  after  removal  from  the  mine,  on 
exposure  to  comparatively  dry  atmospheres. 

The  loss  of  weight  on  air  drying  at  30-35^  C,  combined  with  the 
loss  of  weight  occurring  when  the  air-dried  sample  is  heated  in  a 
current  of  dry  air  at  a  temperature  of  105°  C,  is  considered  equal  to 
the  total  moisture  in  the  coal  as  received  at  the  laboratory. 

ASH. 

Ash  is  the  incombustible  residue  left  from  complete  combustion  of 
the  coal.  It  is  derived  from  the  inorganic  matter  in  the  coal,  and  is 
composed  largely  of  compoimds  of  silica,  alumina,  lime,  and  iron, 
together  with  smaller  quantities  of  magnesia,  titanium,  and  alkali 
compounds.  The  siUca,  alumina,  and  titanic  oxide  are  derived  from 
sand,  clay,  shale,  and  '* slate'';  the  iron  oxide  mainly  from  iron  pyrite; 
and  the  lime  and  magnesia  from  their  corresponding  carbonates  and 
sulphates. 

The  ash-forming  constituents  consist  of  (1)  ''inherent"  or  ''in- 
trinsic "  impurities  that  are  present  in  an  intimate  mixture  with  the 
coal  substance,  and  are  derived  either  from  the  original  vegetable 
material  or  from  external  sources  during  the  accumulation  of  coal- 
forming  plant  remains;  (2)  impurities  formed  either  during  the 
laying  down  of  the  coal  bed  or  subsequently,  which  occur  in  the  form 
of  partings,  "veins,"  and  nodules  of  clay,  shale,  pyrite,  and  calcite; 
and  (3)  impurities  that  become  mechanically  mixed  with  the  coal  in 
the  process  of  mining,  such  as  fragments  of  roof  and  floor. 
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INHERENT  IMPURITIES. 

The  percentage  of  ash  derived  from  the  intunately  mixed  impurities 
may  be  determined  by  selecting  a  sample  of  clean  liunps  of  homo- 
geneous coal,  or,  better,  by  placing  the  coarsely  crushed  coal  in  a 
solution. of  calciimi  or  zinc  chloride  with  a  specific  gravity  of  1.35. 
The  coal  will  float  and  the  heavier  extraneous  impiuities  will  sink. 
In  this  way  a  sample  of  clean  coal  may  be  prepared  for  analysis.  In 
some  samples  the  percentage  of  "intrinsic"  ash  is  so  low  that  the 
ash  must  have  come  exclusively  from  the  original  coal-forming  vegeta- 
tion. Certain  coals  have  deposited  in  their  minute  joints  or  cleav- 
age planes  thin  flakes  of  calcite,  gypsum,  silica,  or  clay,  and  some  have 
veinlets  of  pyrite.  These  impurities  are  not  intimately  mixed  with 
the  coal  substance,  but  can  not  be  separated  from  the  coal  by  any 
commercial  methods  of  preparation.  In  some  coals,  also,  micro- 
scopic crystals  of  pyrite  are  so  distributed  that  washing  does  not 
appreciably  lower  the  sulphur  content. 

EXTRANEOUS  IMPURITIES. 

The  percentage  of  ash  derived  from  extraneous  impurities  varies 
considerably,  depending  on  the  number  and  size  of  the  partings  in 
the  seam,  the  possibility  of  separating  them  from  the  coal,  and  the 
care  with  which  the  coal  is  mined.  Such  impurities  of  this  character, 
when  in  the  form  of  ''slate''  or  bone,  may  be  removed  to  some  degree 
by  suitable  methods  of  washing,  picking,  or  screening.  The  possibil- 
ity of  improving  the  quality  of  coal  by  washing  may  be  determined  by 
the  laboratory  float-and-sink  test  already  described. 

Coal  ash,  as  determined,  usually  weighs  less  than  the  organic  matter 
from  which  it  is  produced  because  of  the  loss  of  volatile  constituents 
during  ignition.  Shale  and  clay  lose  their  water  of  hydration;  the 
carbonates  are  more  or  less  decomposed,  giving  off  carbon  dioxide,  and 
the  iron  pyrite  is  changed  to  ferric  oxide,  giving  off  sulphur  dioxide, 
either  to  the  atmosphere  or  to  the  free  calcium  oxide  that  has  been 
formed  from  the  carbonate.  In  coak  containing  calcium  carbonate 
a  large  proportion  of  the  sulphur  may  be  retained  in  the  ash  as  cal- 
cium sulphate. 

VOLATILE    MATTER    AND   FIXED   CARBON. 

The  volatile  matter  and  fixed  carbon  represent  approximately  the 
relative  proportions  of  gaseous  and  solid  combustible  matter  that  are 
obtained  from  coal  by  heating  it  in  a  closed  vessel.  The  volatile 
matter  consists  chiefly  of  the  combustible  gases  hydrogen,  carbon 
monoxide,  and  methane  and  other  hydrocarbons,  and  some  non- 
combustible  gases,  as  carbon  dioxide  and  water  vapor.     The  volatile 
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matter  does  not  include  the  water  that  can  be  removed  from  the  coal 
by  heating  it  at  105''  C. 

From  the  standpoint  of  the  analyst,  950°  to  1,000°  C.  appears  to 
be  the  best  temperature  for  the  determination  of  volatile  matter,  as 
most  duplicate  determinations  made  within  those  limits  agree  within 
0.5  per  cent. 

The  residue  of  coke  left  in  the  crucible  after  the  ash  has  been 
deducted  is  reported  as  "fixed  carbon.' '  The  fixed  carbon  does  not 
represent  the  total  carbon  in  the  coal,  for  a  considerable  part  of  the 
carbon  is  expelled  as  volatile  matter,  being  in  combination  with 
hydrogen  as  hydrocarbon  or  with  oxygen  as  carbon  monoxide  and  » 
carbon  dioxide.  Furthermore,  fixed  carbon  is  not  pure  carbon. 
The  carbonized  residue  contains,  in  addition  to  the  ash-forming  con- 
stituents, several  tenths  per  cent  of  hydrogen  and  oxygen,  from  0.4 
to  1.0  per  cent  nitrogen,  and  approximately  half  the  sulphur  that  was 
in  the  coal.  The  terms  "volatile  matter''  or  "volatile  combustible 
matter"  and  "fixed  carbon"  do  not  represent  definite  compounds 
that  existed  in  the  coal  before  heating.  The  method  of  determination 
is  arbitrary,  and  results  are  comparable  only  when  the  temperature 
and  rate  of  heatpg  are  the  same.  In  general  the  sum  of  the  fixed 
carbon  and  ash  may  be  taken  as  representing  the  relative  amount  of 
coke  yield  from  coking  coak.  However,  the  conditions  under  which 
the  laboratory  determination  is  made  are  so  different  from  the  condi- 
tions in  the  commercial  manufacture  of  coke  or  gas  that  no  close 
agreement  can  be  expected.  The  slow  rate  of  heating  in  the  indus- 
trial processes  yields  several  per  cent  more  coke  than  is  obtained  in 
the  laboratory  determination. 

SULPHUB. 

In  the  proximate  analysis  of  coal  the  sulphur  is  included  in  the 
volatile  matter,  fixed  carbon,  and  ash.  If  the  ash  contains  no  Ume 
or  alkali  oxides,  all  the  sulphur  is  distributed  between  the  volatile 
matter  and  fixed  carbon,  approximately  half  the  sulphur  being  re- 
tained by  the  fixed  carbon  and  the  remainder  escaping  with  the 
volatile  matter. 

FORMS  OP  OCCURRBNCB  IN  COAL. 

Sulphur  occurs  in  coal  (1)  as  pyrite  or  marcasite,  (2)  as  sulphate  of 
iron,  lime,  and  alumina,  and  (3)  in  combination  with  the  coal  sub- 
stance as  organic  compounds. 

In  some  coal  beds  baUs,  lenses,  and  bands  of  pyrite  are  easily  dis- 
tinguishable in  the  face  of  the  bed,  and  may  be  largely  removed  by 
breaking  up  the  lumps  of  coal  containing  them  and  by  suitable 
washing  or  picking.     In    other    beds    the  pyrite  is   disseminated 
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throughout  the  lumps  of  coal  in  veinlets  or  in  such  small  particles 
that  it  is  not  practicable  to  separate  them  from  the  lump  coal  or  even 
to  remove  them  from  the  screenings  by  washing. 

Sulphur  combined  as  sulphates  of  iron,  lime,  and  alumina  may  be 
found  in  weathered  coal.  On  exposure  to  air  pyrite  and  marcasite 
tend  to  absorb  oxygen  and  form  iron  sulphate.  Sulphur  combined 
as  sulphate  has  no  heating  value. 

Next  to  pyritic  sulphur  the  most  prominent  form  of  sulphur  in  coal 
is  that  which  occurs  in  some  organic  combination  with  the  coal  sub- 
stance. There  is  no  direct  method  of  quantitatively  determining  the 
relative  amounts  of  pyritic  and  "organic"  sulphur.  However,  as 
regards  many  coals,  if  all  the  sulphate  sulphur  and  an  amount  of 
sulphur  suflScient  to  form  pyrite  equivalent  to  all  the  iron  in  the 
coal  be  deducted  from  the  total  sulphur,  there  yet  remains  a  consider- 
able amount  of  sulphur. 

ULTIMATE  ANALYSIS. 

In  the  ultimate  analysis  the  composition  of  coal  is  expressed  in 
percentages  of  ash,  sulphur,  carbon,  hydrogen,  nitrogen,  and  oxygen. 
The  sum  of  these  constituents  is  taken  as  equal  to  IQO  per  cent.  As 
there  is  no  simple  direct  method  for  the  determination  of  oxygen,  it 
is  estimated  by  subtracting  the  sum  of  the  other  five  constituents 
from  100.  This  method  throws  the  summation  of  all  the  errors 
incurred  in  the  other  determinations  upon  the  oxygen. 

The  determination  of  carbon,  hydrogen,  and  nitrogen,  although 
requiring  experience  and  a  considerable  degree  of  skill  on  the  part  of 
the  chemist,  is  not  subject  to  the  arbitrary  conditions  that  must  be 
maintained  in  the  proximate  analysis.  As  the  chemist  is  dealing 
with  definite  chemical  elements,  he  should  be  able  to  make  duplicate 
determinations,  agreeing  within  the  following  limits:  Carbon,  0.3  per 
cent;  hydrogen,  0.07  per  cent;  nitrogen,  0.05  per  cent. 

CALIFOBIC  VALUE. 
DIRECT  DETERMINATION    IN   THE   BOMB   GALOBIBCETBR. 

The  most  accurate  method  of  determining  the  total  heating  value 
is  by  combustion  in  a  bomb  calorimeter.  The  instrument  should  be 
carefully  standardized  by  burning  substances  of  known  calorific 
value,  such  as  the  standard  samples  of  cane  sugar,  naphthalene,  and 
benzoic  acid,  that  are  now  being  furnished  by  the  Bureau  of  Stand- 
ards. The  standardization  should  be  conducted  under  exactly  the 
same  conditions  and  with  the  same  thermometer  that  is  used  in  the 
tests.  The  use  of  calibrated  thermometers  is  essential.  In  carefully 
conducted  calorimetric  work  the  probable  error  should  not  exceed  0.3 
per  cent,  which  corresponds  to  about  50  B.  t.  u.  in  a  high-grade  coal. 
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This  d^ree  of  accuracy  is  higher  than  can  be  obtained  in  the  usual 
methods  of  sampling,  the  error  introduced  by  which  oftentimes  in- 
creases the  total  error  to  100  B.  t.  u. 

CALCULATION  OF  CALORIFIC   VALUE   BY  DULONG's   FORMULAS. 

Before  the  bomb  calorimeter  came  into  general  use  the  heating 
value  of  a  coal  was  frequently  calculated  from  the  ultimate  analysis 
by  one  of  Dulong's  formtdas.  These  formulas,  which  are  occasion- 
aUy  used  in  the  bureau's  work  to  verify  results  with  the  bomb 
calorimeter,  are  as  follows: 

(1)  Calorific  value  in  calories  per  gram  =  8080C  + 34460 (H-g)  + 
2250S. 

(2)  Calorific  value  in  B.  t.  u.  per  pound  =  14544C  + 62028 (H-~)  + 

4050S. 

There  is  fairly  close  agreement  between  the  calorific  values  calcu- 
lated by  Dulong's  formula  and  those  determined  by  the  calorimeter. 
In  coals  of  higher  rank  than  subbituminous  the  agreement  is  usually 
within  1.5  per  cent. 

DESCRIPTIONS  OP  SAMPUSS. 

The  samples  of  coal  and  the  mines  from  which  they  were  taken  are 
described  in  the  same  general  manner  as  the  corresponding  informa- 
tion was  presented  in  Bulletin  22.  The  descriptions  have  been  com- 
piled from  published  reports  or  from  the  note  books  of  the  engineers 
or  geologists  who  collected  the  samples  and  necessarily  vary  in  com- 
pleteness. The  purpose  of  the  descriptions  is  to  present  such  informa- 
tion as  beais  on  the  significance  of  the  analyses  and  to  give  supple- 
mentary details,  such  as  methods  of  mining  and  clearing  coal,  that 
may  be  of  assistance  to  Government  engineers  or  purchasing  agents 
and  to  other  persons  in  preparing  specifications  and  awarding  con- 
tracts for  fuel. 

The  names  of  the  coal  beds,  geologic  formations,  mining  districts, 
and  coal  fields  are  those  used  by  the  United  States  Geological  Survey. 
In  the  descriptions  of  the  sections  of  coal  beds,  the  word  ''shale" 
has  been  substituted  for  the  "slate"  of  collectors  and  "bony  coal" 
or  "bone"  for  "bone  coal." 

CLASSIFICATION  OF  COAL. 

The  usage  of  the  Survey  has  been  followed  also  in  the  classification 
of  the  .coak.  The  following  statement  on  coal  classification  is  made 
by  Campbell  **  in  a  recent  report. 

a  Campbell,  M.  R.,  Analyses  of  coal  samples  from  various  fields  in  the  United  States:  U.  8.  Geol. 
Surrey  Bull.  541, 1914. 
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The  claasification  of  coal  into  various  grades,  such  as  bituminous,  semibituminous, 
and  lignite,  is  arbitrary  and  not  at  all  satisfactory,  but  it  is  in  common  use  in  the  United 
States,  and  it  seems  desirable  to  give  the  class  for  each  sample,  because  from  the 
analjrsis  one  could  not  always  determine  this  important  point.  The  classes  generally 
used  in  the  United  States  are  as  follows:  Anthracite,  semianthracite,  semibituminous, 
bitimiinous,  subbituminous,  and  lignite. 

ArUhracite. — Anthracite  coal  is  generally  well  known,  but  in  a  systematic  classifica- 
tion it  is  generally  defined  as  a  hard  coal  having  a  fuel  ratio  (fixed  carbon  divided  by 
volatile  matter)  of  not  less  than  10.  Most  of  this  coal  comes  from  the  anthracite  fields 
of  eastern  Pennsylvania,  but  small  areas  are  known  in  some  of  the  Western  States. 

Semianthracite. — Semianthracite  coal  has  a  fuel  ratio  ranging  from  6  or  7  to  10. 
There  is  only  a  small  amount  of  this  coal  in  the  United  States. 

SemihUuminona. — Semibituminous  coal  is  of  great  commercial  importance,  but  is 
not  widely  distributed.  Its  fuel  ratio  ranges  from  3  to  6  or  7.  It  is  the  best  steam 
coal  in  the  country,  and  some  of  it  can  be  utilized  in  the  manufacture  of  coke.  The 
centers  of  production  are  the  Pocahontas  and  New  River  fields  of  Virginia  and  West 
Virginia,  Georges  Creek  field  of  Maryland,  Windber  field  of  Pennsylvania,  and  the 
western  end  of  the  Arkansas  field  in  the  vicinity  of  Fort  Smith.  Though  small  areas 
containing  this  grade  of  coal  have  been  found  in  Washington  and  Colorado,  the  amount 
of  such  coal  in  these  fields  is  small. 

Bituminous. — Bituminous  coal  is  the  most  important  grade  in  the  country  and  in- 
cludes most  of  the  coals  east  of  the  Rocky  Mountains.  In  the  Western  States  there  are 
large  areas  of  bitimiinous  coal,  such  as  the  Trinidad-Raton  field  of  Colorado  and  New 
Mexico;  the  Grand  Hogback  field  of  Colorado;  the  Book  Clifts  field  of  Utah;  the  Rock 
Springs,  Kemmerer,  and  Black  Hills  fields  of  Wyoming;  the  Great  Falls  field  of 
Montana;  and  many  districts  of  Washington.  This  grade  furnishes  most  of  the  coking 
coal  of  the  country,  and  it  is  lai^ely  sold  for  steam  raising  and  for  domestic  use. 

Subbituminous. — The  term  "subbituminous"  has  been  adopted  by  the  United 
States  Geological  Survey  for  what  has  generally  been  called  "black  lignite.'*  The 
latter  term  is  objectionable,  for  the  reason  that  the  coal  is  not  lignitic  in  the  sense  of 
being  woody,  and  the  use  of  the  term  seems  to  imply  that  the  coal  is  little  better  than 
the  brown,  woody  lignite  of  North  Dakota,  whereas  many  of  the  coals  of  this  class 
closely  approach  the  lowest  grade  of  bituminous  coal.  In  fact,  it  is  extremely  diflcult 
to  separate  this  class  from  the  one  below  and  the  one  above.  It  is  generally  distin- 
guished from  lignite  by  its  color  and  freedom  from  apparent  woody  texture  and  from 
bituminous  coal  by  the  slacking  it  undergoes  when  exposed  to  the  weather.  As  the 
latter  is  an  important  difference  in  conmiercial  use,  it  has  been  adopted  by  the  Geolog- 
ical Survey  as  the  criterion  for  the  separation  of  subbituminous  and  bituminous  coals. 

Subbituminous  coal  is  found  in  most  of  the  western  fields,  being  well  known  in  ihe 
field  about  Boulder  and  Denver  and  in  North  Park,  Colo.;  Gallup,  N.  Mex.;  Hanna, 
Douglas,  Sheridan,  and  the  Bighorn  Basin,  Wyo.;  Red  Lodge  and  Musselshell,  Mont.» 
and  in  many  of  the  districts  of  Washington  and  Oregon. 

Lignite. ^Kq  used  by  the  Geological  Survey  the  term  "lignite"  is  restricted  to  ihe 
coals  that  are  distinctly  brown  and  generally  woody.  They  are  intermediate  in 
quality  between  peat  and  subbituminous  coal.  Lignite  is  abundant  in  the  North  in 
eastern  Montana  and  North  Dakota  and  in  the  northwest  comer  of  South  Dakota.  In 
the  South  it  is  present  in  all  of  the  Gulf  States,  but  it  has  been  developed  commercially 
only  in  Texas. 

TABULATED  ANALYSES. 

On  the  following  pages  are  given  the  analyses  of  the  samples  of 
coal  collected  during  the  period  covered  by  this  report. 

In  the  first  column  of  the  table^  locations  of  samples  are,  for 
brevity,  not  worded  as  in  the  detailed  descriptions  (pp.  147-405). 
The  word  ''cut'*  denotes  thickness  of  coal  sampled. 
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DESCRIPTIONS  OF  SAMPLES. 

ALABAMA. 
JBFFBBSON  COUNTY. 

Littleton.    Banner  Mine. 

Sample,— BitananoMB  cool;  Warrior  field;  analyses  Nos.  12083, 12084,  12085,  and 
12086  (p.  17). 

Mine, — ^Banner,  a  shaft  (originally  a  slope)  mine  near  Littleton,  about  20  miles  north- 
west of  Birmingham,  on  the  Cane  Gieek  division  of  the  Louisville  &  Nashville  Railroad. 

Coal  bed, — ^Big  or  Mary  Lee.  Carboniferous  age,  Pottsville  group.  This  same  bed  is 
worked  at  Palos,  Ala.  Thickness  about  10  feet,  l^e  bed  is  practically  horizontal^ 
the  dip  being  1  to  2  per  cent,  l^e  bed  is  overlain  by  sandstone  and  the  floor  is 
shale.  Near  the  center  of  the  bed  is  a  stratum  of  hard  gray  shale  18  to  22  inches  thick, 
known  as  "middleman.  '*  The  bed  was  measured  and  sampled  at  three  points  in  the 
mine  by  J,  J.  Rutledge,  on  April  26,  1911,  as  described  below: 

Sections  of  coal  bed  in  Banner  mine. 


Section 

LaboratorvKo 

Uooi,  aandstcDe. 

Coid 

5>Mje,gray 

Coal ^ 

8Ehale,  hard,  gray 

Coal.. 

"Sulphur" 

Coal 

"Sulphur"  ("slate") 

Coal 

Shale,  hard,  gray 

Coal....../. 

Shale,  gray 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thiekness  of  coal  sampled 


A 

B 

ia063 

12084 

Ft,  in. 

Ft,  in. 

1  2 

1   4 

oO  1 

oO   1 

0  8 

0  8 

•  • 

oO  8 

1  8 

1   4 

•  ■    •  • 

oO   1 

•  •    •  • 

0  4 

oO   1 

oO   1 

0  6 

0  0 

al   0 

al   9 

2   8 

2  7 

0   1 

oO  2 

0   7i 

0  9 

8   74 
0  111 

10  4 

7  0 

c 

12065 
Ft.  in. 
1     2 
oO     1 

0  7 
oO    10 

1  0 


oO 
0 

al 
2 
0 
0 

10 

7 


1 
0 
0 
7 
1 
7 

0 
4 


a  Not  included  in  sample. 

Section  A  (sample  12083)  was  cut  from  the  rib  near  the  mouth  of  room  4,  off  right 
entry  5,  2,000  feet  east  of  shaft  No.  1. 

Section  B  (sample  12084)  was  cut  from  the  rib  near  the  mouth  of  room  2,  off  left 
entry  8,  2,400  feet  east  of  shaft  No.  1. 

Sectbn  C  (sample  12085)  was  cut  from  the  right  rib  of  the  main  slope,  at  the 
mouth  of  left  entry  9,  2,700  feet  east  of  shaft  No.  1. 

A  composite  sample  was  made  by  combining  face  samples  12083, 12084,  and  12085. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  Laboratory  No. 
12086. 

Notes. — The  room-and-pillar  system  of  mining  is  used.  At  the  time  of  sampling  the 
coal  was  undercut  by  electric  chain  machines  and  shot  down  with  a  permissible  explo- 
ave.  The  output  was  about  1,000  tons  a  ,day,  all  of  which  was  from  advance  work- 
ings.   In  advance  workings,  about  40  per  cent  of  the  coal  was  taken  out. 

For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  S.  (jeol.  Survey 

Bull.  285, 1906,  p.  216. 
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Morris.    Indio  Mine. 

Sample,— BitammouA  coal;  Warrior  field;  analyses  Nos.  16683,  16684,  16685,  16686, 
and  16687  (p.  17). 

Mine. — ^The  Indio  mine  is  opened  by  a  shaft  186  feet  deep,  and  is  4  miles  east  of 
Morris,  on  the  Louisville  &  Nashville  Railroad. 

Coal  bed. — Jefferson.  Carboniferous  age.  Black  Creek  fonnation.  Thickness,  4  feet 
to  4  feet  8  inches,  l^e  bed  lies  practically  iiorizontal  and  has  two  characteristic  shale 
partings,  one  near  the  bottom  and  one  near  the  top.  Roof,  shale,  with  a  sandstone 
cap  rock.  The  shale  occasionally  came  down  with  the  coal  and  particles  of  the  roof 
got  mixed  with  the  coal  in  loading.  The  floor  is  a  hard,  smooth  shale,  particles  of  which 
did  not  get  mixed  with  the  coal  in  mining. 

The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  E.  B.  Sutton  and 
J.  W.  Webb,  on  March  28,  1913,  as  described  below: 

Sections  of  coal  bed  in  Indio  mine. 


Sections ^ 

Laboratory  No 

Roof,  shale. 

Coal 

Shale 

Coal 

Shale 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled. . 


A 

B 

C 

D 

16683 

16684 

16686 

16686 

Ft.   in. 

Ft.   in. 

Ft.    in. 

Ft.    in. 

0  7 

0  8 

0  8} 

0  84 

aO  2 

aO   3 

aO   5 

oO  a 

1  6 

1   7 

1   2 

1   » 

«1   8 

al   8 

«!   8 

al   2 

0  6 

0   6 

0   6 

0  r 

4   6 

4   8 

t  4 

4   1 

2  7 

2   9 

2   7 

aNot  included  in  sample. 

Section  A  (sample  16683)  was  measiu^  at  the  face  of  room  7,  off  the  fifth  left  south 
entry. 

Section  B  (sample  16684)  was  measiu^  at  the  ^e  of  room  4,  off  the  seventh  right 
north  entry. 

Section  C  (sample  16685)  was  measured  at  the  neck  of  room  4,  off  the  sixth  right 
south  entry. 

Section  D  (sample  16686)  was  measured  at  the  intersection  of  the  main  south  air 
course  and  the  sixth  left  south  entry. 

A  composite  sample  was  made  by  combining  t&ce  samples  16683  to  16686,  inclusive. 
'Hie  results  of  an  ultimate  analysis  of  this  sample  are  shown  imder  laboratory'  No. 
16687. 

Notes. — ^At  the  time  the  mine  was  visited  the  coal  was  shot  off  the  solid  with  permis- 
sible explosives.  Black  powder  was  used  for  brushing  the  floor  and  roof,  llie  coal 
^^^^r>ed  as  run-of-mine.    The  average  daily  output  was  276  tons,    "niere  was 

T^     ino^^^'^'to'^fe^iSj^®^  ^°^  *^  opening. 

*  For  a  d^^tion  oftheS^^^^  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 

Bull.  286, 1906,  p.  219. 

gi^  ^^ULnt  COUNTY. 

Coal  Crrr.  Sp<>^  Branch  Mine. 
5ampfc.-Bituminous  coal;  Coosa  B^l^y^  ^^^^'  ^^^^  ^^^  ^^^'  ^^^'  ^^^^ 

"^12.*^  Wh,  a  slope  mine  at  a'^  ^^;^^,f^«  Seaboard  Air  line  Rdlway 
CoaZ  6ed.-Coal  City.    Carbonifeious  ag^^  P^tt«^le  group.    Thickness,  2  feet  10 
inches  to  6  feet;  loof,  weak  calcareous  shafp;  fl«>r,  ^^  aliale. 


rflta 
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The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  Charles  Butts 
on  July  21, 1911,  as  described  below: 

Section  of  coal  bed  in  Coal  Branch  mine. 


Sectkm 

A 

12440 
Ft,  in. 

4  10 
00     2 

5  0 
4    10 

B 
12441 
Ft.  in. 

3    10 

C 

liAboratoiT  No. , , , ,  -  ^ , , ^  - ,  ^ 

12442 

Boof,  shale. 

Coal 

Ft.  in. 
2    10 

"Baah" 

Floor,  shale,  hard. 

Tnfc»kp«^o'bed^^-^ 

3    10 
3    10 

2    10 

TlilnlmMiR  of  fioftl  SftT^PM -      

2    10 

a  Not  included  in  sample. 

Section  A  (sample  12440)  was  measured  in  the  first  left  room  off  twenty-sixth  entry, 
3,000  feet  north  of  the  slope  mouth. 

Section  B  (sample  12441)  was  measured  at  the  end  of  thirty-fourth  entry,  2,800  feet 
north  of  the  slope  mouth. 

Section  C  (sample  12442)  was  measured  at  the  end  of  room  32,  3,000  feet  northeast 
of  the  slope  mouth. 

A  composite  sample  was  made  by  combining  j^e  samples  12440,  12441,  and  12442. 
The  residtfi  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
12443. 

Coal  Cety.    Vulcan  No.  4  Mine. 

Sample. — ^Bituminous  coal;  Coosa  Basin  field;  analyses  Nos.  12436,  12437,  12438, 
12439  (p.  18). 

Mine. — Vulcan  No.  4;  a  slope  mine  at  Coal  City,  on  the  Seaboard  Air  Line  Railway. 

Coal  bed. — ^Broken  Arrow.  Carboniferous  age,  Pottsville  group.  Thickness,  3  feet 
6  inches  to  4  feet  9  inches. 

The  bed  was  measured  and  «tmpled  at  three  points  in  the  mine  by  Charles  Butts 
on  Jidy  21, 1911,  as  described  below: 

Section  of  coal  bed  in  Vulcan  No.  4  mine. 


G&Btkm 

Laboratory  No. 
BooL  shale. 

Coal,  bony. 

Clay. 


Cofu,  bony. 
~  rd. 


Coal,  hare 

Coal,  soft 

Coal,  rashy/' mining'' 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled , 


A 

B 

12436 

12437 

Ft.  in. 

Ft.  in. 

aO      8 

aO       6 

aO      3{ 

aO       5 

00       3 

1    .. 

0      10 

1      0 

1      10 

0      0} 

1       0 

^      ^ 

4       Q 

3      3( 

3       8 

C 
12438 
Ft.  in. 
aO      4 
aO      ^ 
aO     3 

0  0 

1  10 
0    10 

4      31 
3     6 


a  Not  included  in  sample. 

Section  A  (sample  12436)  was  measured  in  room  21,  off  second  left  heading,  750  feet 
southeast  of  the  mine  mouth. 

Section  B  (sample  12437)  was  measured  1,100  feet  east  of  the  mine  mouth. 

Section  C  (sample  12438)  was  measured  in  room  15,  off  second  left  heading,  600  feet 
south  of  the  mine  mouth. 

A  composite  sample  was  made  by  combining  foce  samples  12436,  12437,  and  12438. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
12439. 
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ANALYSES  OF  COAL. 


SHELBY  COTTNTY. 

Straven.    Straven  Mine. 

Sample. — ^Bituminous  coal;  Gahaba  field;  analyses  Nos.  14391  and  14392  (p.  18). 

Mine, — Straven,  a  slope  mine  in  sec.  7,  T.  21S.,  R.  3  W.,  at  Straven,  on  the  Mobile 
branch  of  the  Southern  Railway. 

Coal  bed. — Upper  Straven.  Carboniferous  age,  Potteville  group.  Thickness,  5 
feet  6^  inches. 

^nie  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  Charles  Butts  on 
June  14, 1912,  as  described  below: 

Section  of  coal  bed  in  Straven  mine. 


Laboratory  No 

Boof,  shale. 

Coal,  raali,  and  shale 

Ck>al,hard 

Parting  (knife  edge  to  4  inches  of  rash  or  soft  coal) 
Ck>al. 


Clay., 
Coal, 


softer  than  upper  bench.. 


Floor,  clay: 

Thidmess  of  bed 


{ 


14391 
14392 

Ft.    in. 

aO      8 
6  0    10^ 


b2 
el 


n 


a  Excluded  from  samples. 


b  Included  in  sample  14391. 


c  Included  in  sample  14892. 


The  section  was  measured  near  the  end  of  the  slope,  2,000  feet  north  of  the  slope 
mouth. 

Notes. — ^l%e  coal  was  hard  and  bright.  At  the  time  of  sampling,  the  coal  was  sold 
as  run-of-mine  for  domestic  and  steam  purposes. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  39,  351. 

For  a  description  of  pie  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey  Bull. 

431, 1909,  p.  140. 

TirSCALOOSA  COUNTY. 

Abernant.    Abernant  Mine. 

Sample. — ^Bituminous  coal;  Warrior  field;  analysis  No.  14717  (p.  19). 

Mine. — ^Abernant,  a  slope  mine  in  sec.  18,  T.  20  S,  B.  6  W.,  at  Abernant,  seven-eighths 
of  a  mile  south  of  Yolande. 

Coal  bed. — Jagger.  Carboniferous  age,  Pottsville  group.  Thickness  of  coal  mined, 
6  to  7  feet;  dip,  14^  N  W.  The  coal  has  no  cleat,  but  has  several  shale  partings.  Roof- 
shale,  which  sometimes  comes  down  and  gets  mixed  with  the  coal  in  mining;  above 
the  shale  is  a  sandstone  cap  rock.  Floor,  hard  blue  sandstone,  which  did  not  mix 
with  the  coal  in  loading. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  E.  B.  Sutton  on 
August  15, 1912,  as  described  below: 

Section  of  coal  bed  in  Abernant  mine. 


Laboratory  No 

Roof,  sandstone. 

Bone 

Coal 

Mother  coal 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Floor,  sandstone. 

Thickness  of  bed 

Thickness  of  coal  sampled , 


i4n7 

Ft. 

in. 

oO 

Ik 

0 

8 

«0 

1 

0 

5 

aO 

3 

1 

0 

oO 

1 

0 

11 

«0 

1 

1 

8 

«0 

4 

0 

2 

aO 

2 

0 

8 

fl 

7| 

A 

0 

a  Not  included  in  sample. 
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Section  A  (sample  14717)  was  measured  at  the  face  of  right  entry  13. 

Notes, — ^At  the  time  the  mine  was  sampled  the  coal  was  undercut  by  hand  and  blasted 
down  with  a  permissible  explosive.  The  tipple  was  a  wooden  structure.  All  coal 
was  shipped  as  run-of-mine.  Two  men  were  employed  to  trim  the  coal  and  pick 
"slate ''  from  the  cars.  The  average  daily  output  was  300  tons  a  day,  with  a  capacity 
of  500  tons. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  39,  352. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  260, 1905,  p.  375,  and  Bull.  400, 1910,  p.  170. 

ALASKA. 

ALASKA  PENINSULA. 

Chionik  Bay.    Warner  Claim. 

Sample. — Bituminous  coal;  Alaska  Peninsula  field;  analysis  No.  12742  (p.  19). 

Mine. — Warner  claim,  Chignik  Bay. 

Coal  bed. — Not  named.    CiBtaceous  age,  Chignik  (?)  formation. 

Notes. — Sample  12742  was  taken  at  Uie  Warner  claim  on  November  1,  1911.  No 
further  information  available. 

The  coal  beds  of  the  Chignik  Bay  region  are  described  in  U.  S.  Geol.  Survey  Bull. 
467,  1911,  p.  109. 

BEBINa  BIVEB. 

Barrett  Creek.    Cunningham  Claims. 

Sample. — Semibituminouscoal;  Bering  River  field;  analysis  No.  12716  (p.  19). 

Locality. — Cunningham  claims,  on  Barrett  Creek. 

Coal  bed. — Unnamed.  Tertiary  age,  Eushtaka  formation.  Thickness,  about  5  feet. 
A  number  of  beds  outcrop  on  this  creek. 

Notes. — ^The  bed  was  sampled  on  November  4,  1911.  The  sample  was  taken  at  an 
outcrop  on  Barrett  Creek,  three-fourths  of  a  mile  above  its  jimction  with  Clear  Creek. 
The  bed  was  about  5  feet  thick  at  this  point. 

For  a  description  of  the  geologic  relations  of  this  coal  bed,  -see  Report  on  Coal  in  Alaska 
for  Use  in  United  States  Navy:  House  Document  No.  876,  1914,  p.  38. 

Barrett  Creek.    Cunningham  Claims. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12709  (p.  19). 

Locality. — Cunningham  claims,  Barrett  Creek. 

Coal  bed. — ^Unnamed.  Tertiary  age,  Kushtaka  formation.  Thickness  about  2  feet. 
This  bed  lies  above  the  bed  represented  by  sample  12716. 

Notes. — ^l%e  bed  was  sampled  at  one  point  on  November  3, 1911.  The  sample  was 
taken  at  a  point  about  100  feet  up  the  creek,  measured  across  the  dip,  from  the  place 
where  sample  12716  was  taken.    The  bed  was  about  2  feet  thick  at  the  point  sampled. 

For  a  description  of  the  geologic  relations  of  this  coal  bed ,  see  Report  on  Coal  in  Alaska 
for  Use  in  United  States  Navy:  Ho\ise  Document  No.  876,  1914,  p.  38. 

Barrett  Creek.    Cunninoham  Claims. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12707  (p.  19). 
Locality. — Cunningham  claims  on  Barrett  Creek. 

Coal  bed. — ^Unnamed  bed.  Tertiary  age,  Kushtaka  formation.  The  bed  outcrops 
above  the  one  represented  by  sample  12709. 

47664'*— BulL  85—14 11 
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NoUs.— The  bed  was  sampled  at  one  point  on  November  3,  1911.  The  sample  was 
taken  at  a  point  15  to  20  feet,  measured  acroa  the  stiike,  above  the  bed  represented  by 
sample  12709. 

For  a  desciipticm  of  the  geologic  relations  of  this  coal  bed  see  Report  on  Coal  in  Alaska 
for  Use  in  United  States  Navy:  House  Document  No.  876, 1914,  p.  38. 

Barrett  Creek.    Cunningham  Claims. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12708  (p.  19). 

Location. — Cunningham  claims  on  Barrett  Creek. 

Coal  bed. — ^Unnamed.  Tertiary  age,  Kushtaka  formation.  The  bed  lies  between 
the  beds  represented  by  samples  12707  and  12714. 

NoU$.— The  bed  was  sampled  at  one  point  on  November  3, 1911.  The  sample  was 
taken  from  an  outciop  on  the  creek,  at  a  point  between  the  third  and  fifth  seams,  about 
350  feet,  measured  along  the  creek,  or  between  100  and  125  feet,  measured  across  strike, 
below  fifth  bed,  and  probably  between  100  and  150  feet,  measured  across  strike,  above 
the  third  bed  (noted  from  memory). 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  Report  on  Coal  in  Alaska 
for  Use  in  United  States  Navy:  House  Document  No.  876,  1914,  p.  38. 

Barrett  Creek.    Cunningham  Claims. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  Noe.  12710  and  12714 

(p.  19). 
Locality. — Cunningham  claims  on  Barrett  Creek. 

Coal  bed. — Unnamed.    Tertiary  age,  Kushtaka  formation. 

Notes.— The  bed  was  sampled  at  two  points  on  November  4, 191 1 .  Sample  12714  was 
taken  from  an  outcrop  east  of  Barrett  Creek,  about  350  feet  up  the  creek,  and  about  125 
to  150  feet,  measured  across  the  strike,  from  the  fourth  bed  on  this  creek,  and  represents 
3  to  4  feet  of  coal  next  the  roof  or  hanging  wall  opposite  the  part  represented  by  sample 
12710.    ^niere  was  a  band  of  shale  in  the  middle  of  the  bed  1  to  4  feet  thick. 

Sample  12710  was  taken  between  the  foot  wall  or  floor  and  the  band  of  shale  in  the 
middle  of  the  bed,  and  represents  a  bench  of  coal  about  3  feet  thick. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  Repcni;  cm  Coal  in 
Alaska  for  Use  in  United  States  Navy:  House  Document  No.  876,  1914,  p.  38. 

Barrett  Creek.    Cunningham  Claims. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12718  (p.  19). 

Locality. — Cunningham  claims,  on  Barrett  Creek. 

Coal  bed. — Unnamed.    Tertiary  age,  Kushtaka  formation. 

Notes.— The  bed  was  sampled  at  one  pdnt  cm  November  4, 1911.  Sample  12718 
was  taken  20  to  30  feet,  measured  across  strike,  above  points  where  samples  12710 
and  12714  were  taken,  about  three-quarters  mile  above  mouth  of  creek. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  Report  on  Coal  in 
Alaska  for  Use  in  United  States  Navy:  House  Document  No.  876, 1914,  p.  38. 

Barrett  Creek.    Cunningham  Claims. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12712  (p.  19). 
Locality. — Cunningham  claims,  on  Barrett  Creek. 
Coal  bed. — Unnamed.    Tertiary  age,  Kushtaka  formation. 

Notes.— The  coal  bed  was  sampled  on  November  3,  1911.    The  sample  was  taken 
from  a  point  about  150  feet,  measured  upstream,  or  50  feet,  measured  across  the  strike, 
n  points  where  samples  12710  and  12718  were  taken, 
r  a  description  of  the  geologic  relations  of  this  coal  bed  see  Report  on  Coal  in 
a  for  Use  in  United  States  Navy:  House  Document  No.  876, 1914,  p.  38. 
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Branch  of  Clear  Creek.    Cunningham  Claims. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12711  (p.  19). 

Locality. — Cunningham  daiins,  on  creek  which  empties  into  Clear  Creek  about 
1,000  feet  above  mouth  of  Barrett  Creek. 

Coal  bed. — ^Unnamed.  Tertiary  age,  Kushtaka  formation.  Thickness  at  outcrop, 
15  feet.    The  coal  in  the  bed  was  crushed. 

Notes. — ^The  bed  was  sampled  on  November  3,  1911.  The  sample  was  taken  at  a 
point  about  3,000  feet  northeast  of  the  point  on  Barrett  Creek  where  sample  12712  was 
taken. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  Report  on  Coal  in 
Alaska  for  Use  in  United  States  Navy:  House  Document  No.  876,  1914,  p.  38. 

Carbon  Mountain.    No.  1  Opening. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12732  (p.  19). 

Locality. — No.  1  opening,  on  Carbon  Mountain. 

Coal  bed. — ^Unnamed.    Tertiary  age,  Kushtaka  (?)  formation. 

Notes. — ^The  bed  was  sampled  on  November  7, 1911,  at  No.  1  opening.  The  bed  or 
lens  was  10  or  12  feet  thick  at  this  point. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  Report  on  Coal  in 
Alaska  for  Use  in  United  States  Navy:  House  Document  No.  876, 1914,  p.  46. 

Clear  Creek.    Outcrop. 

Sample. — Semianthracite  coal;  Bering  River  field;  analyses  Nos.  12713,  12715,  and 
12717  (p.  20). 

Locality. — Clear  Creek,  4J  miles  from  mouth  of  creek. 

Coal  bed. — ^Unnamed.    Tertiary  age,  Kushtaka  formation. 

Thickness,  10  to  13  feet.  The  bed  outcrops- just  below  the  main  (lower)  falls  on 
Clear  Creek,  about  4^  miles  above  the  mouth  of  the  creek,  in  the  east  wall  of  the  goige, 
and  had  not  been  found  in  the  west  wall.  The  hanging  wall  or  roof  is  3  to  4  feet  of 
diabase  sill. 

Just  below  the  diabase  sill  or  roof  is  a  layer  of  natural  coke,  6  to  10  inches  thick. 

Notes. — ^Three  samples  were  taken  from  this  bed  on  November  4,  1911.  Sample 
12713  represents  the  layer  of  natural  coke.  Sample  12715  represents  6  to  8  inches  of 
the  coal  next  to  the  coke.  Sample  12717  represents  coal  from  the  main  part  of  the 
bed. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  Report  on  Coal  in 
Alaska  for  Use  in  United  States  Navy :  House  Document  No.  876, 1914,  p.  41. 

Cunningham  Claim. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12739  (p.  20). 
Locality. — Cunningham  claim. 
Coal  bed. — Unnamed. 

Notes. — ^The  bed  was  sampled  on  November  8,  1911.    The  sample  was  taken  at 
the  first  crosscut  off  the  entry. 
No  furUier  information  available. 

GLAasR  Creek. 

Sample. — ^Anthracite;  Bering  River  field;  analysis  No.  12734  (p.  20). 

Locality. — Glacier  Creek. 

Notes.—ThiB  sample  was  taken  on  November  8, 1911,  from  a  bowlder  of  anthracite 
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Habtlinb  No.  1  Minb. 

Sample. — Semibituminous  coal;  Bering  Biver  field;  analyaa  No.  12724  (p.  20). 
Mine. — Hartline  No.  1. 

Notes. — ^The  bed  was  sampled  at  one  point  on  November  6, 1911.    No  further  infor- 
mation available. 

Habtunb  No.  2  Minb. 

Sample. — Semibitimiinous  coal;  Bering  River  field;  analysis  No.  12726  (p.  20). 
Jtftn€.— Hartline  No.  2. 

Notei. — ^The  bed  was  sampled  at  one  point  on  November  6, 1911.    No  further  infor- 
mation available. 

Habtune  No.  3  Minb. 

Sample. — Semibitimiinous  coal;  Bering  River  field;  analysis  No.  12725  (p.  20). 
Mine. — Hartline  No.  3. 

Notes. — ^The  bed  was  sampled  at  one  point  on  November  6, 1911.    No  further  infor- 
mation available. 

Habtune  No.  4  Mine. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12727  (p.  20). 
Mine. — Hartline  No.  4. 

Notes.— The  bed  was  sampled  at  one  point  on  November  6, 1911.    No  further  infor- 
mation available. 

Habtunb  No.  5  Mine. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12728  (p.  20). 
Mine. — Hartline  No.  5. 

Notes. — The  bed  was  sampled  at  one  point  on  November  7, 1911.    No  further  infor- 
mation available. 

Habtunb  No.  6  Mine. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12723  (p.  20). 
Mine. — Hartline  No.  6. 

Notes. — The  bed  was  sampled  at  one  point  on  November  6, 1911.    No  further  infor- 
mation available. 

Hunts  Mine. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12729  (p.  20). 
Notes.— A  sample  was  taken  at  the  mine  on  November  7, 1911.    No  further  informa- 
tion available. 

Mount  Ann.    Top  of  Mountain. 

Sample.— AnihnLciie;  Bering  River  field;  analyses  Nos.  12719  and  12733  (p.  20). 
Locality. — Mount  Ann. 

Notes. Stanpie  12719  was  taken  near  the  top,  and  sample  12733  at  the  top,  of  Mount 
Ann  on  November  7, 1911. 

Mount  Ann.    Side  op  Mountain. 

Sample. — Semianthracite  coal;  Bering  River  field;  analysis  No.  12720  (p.  20). 

Locality. — Mount  Ann. 

Notes.— 'ThiB  sample  was  taken  on  the  side  of  Mount  Ann  on  November  4,  1911. 
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Mount  Hamilton.    McDonald  Mine. 

Sample, — Semibituminous  coal;  Bering  River  field;  analyais  Nos.  12722,  12730, 
aod  12731  (p.  21). 

Mine. — ^McDonald,  one-half  mile  south  of  U.  S.  L.  M.,  Christopher  group,  near 
south  line,  top  of  ridge,  on  Mount  Hamilton. 

Coal  bed. — ^Unnamed.  Tertiary  age,  Kushtaka  formation.  Thickness  about  15  feet. 
Nearly  vertical. 

The  bed  was  sampled  at  three  points  in  the  mine  on  November  6,  7,  and  8,  1911. 
Sample  12722  was  taken  at  the  &kce  of  the  entry.    No  further  information  available. 

St.  Marys  Cbbek.    Hartlinb  No.  7  Mine. 

Sample. — Semibituminous  coal;  Bering  River  field;  analysis  No.  12721  (p.  21). 
Mine. — ^Hartline  No.  7. 
Coal  bed. — ^Unnamed.    Tertiary  age. 

Notee. — ^The  bed  was  sampled  at  one  point  on  November  6, 1911.  No  further  infor- 
mation available. 

Tboxjt  Creek.    Cunninoram  Prospect  Tunnels  No.  4  and  No.  5. 

Sample. — Senubitumious  coal,  analyses  Nos.  15355,  15356,  15357,  15358,  15359,  and 
15360  (p.  21). 

Locality. — Prospect  tunnels  No.  4  and  No.  5,  on  the  Cunningham  claims,  about  one- 
fourth  of  a  mile  down  the  creek  from  the  Cimningham  cabin  on  Trout  Creek.  No.  4 
tunnel  is  about  100  feet  below  No.  5  tunnel. 

Coal  bed. — Unnamed  bed .  Tertiary  age ,  Kush  taka  formation.  The  thickness  of  the 
bed  as  mined  in  these  tunnels  average  6  feet  9  inches.  The  roof  was  a  treacherous 
ahale;  the  floor  a  sandstone. 

The  bed  was  measured  and  sampled  at  four  points  in  tunnel  No.  4  and  at  two  points 
in  tunnel  No.  5  by  W.  A.  Selvig  on  November  12  to  22, 1912,  as  described  below: 

Section  of  coal  bed  in  prospect  tunnel  No.  4i  Cunningham  claimy  Trout  Creek. 


SceUoo 

LaboratMT  No. 

Roof;  shale,  sandstone,  and  coal. 

CoaL 

Ctaaraoal,  dirt,  and  shale 

Coal 

Charooaly  shale,  and  "sulphur" 

Coal 

Floor.  aEmdstone  and  coal. 

ThickiMss  of  bed 

Thickness  of  coal  sampled 


A 

B 

C 

15355 

15356 

15357 

Ft.  in. 

Ft.  Hi. 

Ft.  in. 

2     8 

2       5 

•  •  •            •  • 

aO      2i 

aO       5 

a2      3 

1      2 

1        8 

5      8 
aO 

aO      U 

aO       4 

1      6 

•  •  ■             •  • 

2      7i 

5      8 

4      10 

10     7i 
8     3| 

5      4 

4        1 

D 

15358 
Ft.  in. 


1 
aO 

1 
oO 

3 

7 
6 


0 
6 
U 
3 
8 

3 

7 


o  Not  included  in  sample. 

Section  A  (sample  15355)  was  measured  in  the  chute  between  timber  sets  19  and  20, 
76  feet  from  the  drift  mouth  and  10  feet  from  the  entry. 

Section  B  (sample  15356)  was  measured  on  the  rib  of  the  right  crosscut  between  timber 
sets  18  and  19,  72  feet  from  the  drift  mouth  and  17  feet  from  the  entry. 

Section  C  (sample  15357)  was  measured  on  the  rib  near  the  face  of  the  right  crosscut 
between  timber  sets  11  and  12,  44  feet  from  the  drift  mouth. 

Section  D  (sample  15358)  was  measured  in  the  right  crosscut  between  timber  sets 
25  and  26, 100  feet  from  the  drift  mouth  and  11  feet  from  the  entry. 
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Section  of  coal  bed  in  pro$peet  tunnel  No,  6,  Cunningham  claim,  Trout  Creek, 


Becticm. 

A 

15850 
Ft,  in, 

2     8 
aO     8 

2     7 
•1      7 

7     6 
5     3 

B 

Laboratory  No 

15800 

Boof,  shafo  and  coal. 

Coal 

FUin. 

Bha]«  find  dirt. , .  - , , 

Coal 

4     0 

Charcoal  a^d  shah^ 

•  1      7 

Coal 

1     3 

Floor:  coal. 

ThicknesBofbed 

6    10 

TbtckiiMH  of  coal  samphMl 

5     3 

a  Not  included  in  sample. 

Section  A  (sample  15359)  was  measured  in  the  chute  to  the  left  of  the  entry  between 
timber  sets  21  and  22,  84  feet  from  the  drift  mouth  and  17  feet  up  chute. 

Section  B  (sample  15360)  was  measured  in  the  left  crosscut  between  timber  sets  13 
and  14,  52  feet  from  the  drift  mouth  and  5  ieet  from  the  entry. 

The  coal  beds  of  the  Trout  Creek  region  are  described  in  U.  S.  Geol.  Survey  Bull. 

335, 1908,  p.  72. 

MATANUSKA. 

Anthracitb  Ridob.    Outcrop. 

Sample, — Semianthracite  coal;  Matanuska  field;  analysis  No.  12745  (p.  22). 
Locality. — Anthracite  Ridge,  Matanuska  Valley. 
Coal  bed. — Not  named. 

Notes. — ^The  bed  was  sampled  on  November  1, 1911. 

The  coal  beds  of  the  Anthracite  Ridge  region  are  described  in  U.  S.  Geol.  Survey 
Bull.  327,  1907,  pp.  52-56. 

Anthracfte  Ridge.    Outcrop. 

Sample. — Bituminous  coal;  Matanuska  field;  analysis  No.  12750  (p.  22). 

Locality. — Anthracite  Ridge,  Matanuska  Valley. 

Coal  bed. — Not  named. 

Notes.— This  bed  was  sampled  on  October  27,  1911. 

The  coal  beds  of  the  Anthracite  Ridge  region  are  described  in  U.  S.  Geol.  Survey 

Bull.  327,  pp.  52-56. 

Anthracite  Ridqe.    Outcrop. 

Sample. — Semibituminous  coal;  Matanuska  field;  analysis  No.  12753  (p.  22). 
Ijocality. — Anthracite  Ridge. 
Coal  bed. — Unnamed. 

Notes. — The  bed  was  sampled  on  October  24,  1911. 

The  coal  beds  of  the  Anthracite  Ridge  region  are  described  in  U.  S.  Geol.  Survey 
Bull.  327,  1907,  pp.  52-56. 

Anthracite  Ridge.    Outcrop. 

Sample. — Semianthracite  coal;  Matanuska  field;  analysis  No.  12746  (p.  22). 

lK)ca/i/y.— Anthracite  Ridge,  Matanuska  Valley. 

Coal  bed. — Not  named. 

Notes. — The  bed  was  sampled  at  the  outcrop  near  the  middle  of  the  south  face  of 
the  ridge.    Elevation  (by  barometer),  3,700  feet. 

The  coal  beds  of  the  Anthracite  Ridge  region  are  described  in  U.  S.  Geol.  Survey 
Bull.  327,  1914,  pp.  52-56. 
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Anthracite  RnHJB.    Outgbop. 

Sample, — Semianthradte  coal;  Matanuska  field;  analysis  No.  12757  (p.  22). 

Localiiff. — Outcrop  on  Anthracite  Ridge. 

Coal  bed. — Not  named. 

iVb^.— The  bed  was  sampled  on  October  26, 1911.  The  sample  was  taken  at  the 
outcrop,  near  the  middle  of  the  south  slope.    Elevation  (by  barometer),  4,100  feet. 

The  coal  beds  of  the  Anthracite  Ridge  r^on  are  described  in  U.  S.  G^eol.  Survey 
BuU.  327,  1914,  pp.  52-66. 

CmcKALooN  Cbeek.    Outcrop. 

Sample. — Bituminous  coal;  Matanuska  field;  analyses  Nos.  12752  and  12764  (p.  22). 

Locality. — Outcrop  at  bend  of  Ghickaloon  Creek,  one-half  mile  above  Watson 
Camp.« 

Coal  bed. — Not  named.    Tertiary  age,  Ghickaloon  formation. 

The  bed  was  measured  and  sampled  by  J.  A.  Holmes  on  November  1, 1911. 

Beginning  on  the  south  side  of  a  series  of  beds  of  shale  and  sandstone,  180  to  200 
feet  thick,  and  measuring  southward  along  the  face  of  the  bluff  from  a  nearly  vertical 
bed  of  sandstone  12  feet  thick,  this  section  was  as  follows: 

Section  of  coal  bed  i  mile  above  Watsons  Camp. 


Sbale 

Bony  coal  and  streaks  of  coal . . 

Impare  and  other  coal 

Coia 

Shale 

Coal 

Shale 

Coal 

Shallow  ooaL 

Bone 

Coal 

Shale  and  sandstone  ("horse") 

Ccal 

Shale 

Coal 

Shale 

Coal 

Shale  with  streaks  of  coal 

Coal - 

Shale 

Coal 


Ft. 

in. 

0 

0 

0 

10 

1 

0 

a2 

0 

1 

4 

0 

2 

0 

1 

0 

4 

0 

9 

0 

1 

1 

0 

9 

6 

0 

4 

1 

0 

0 

6 

0 

4 

0 

9 

1 

4 

0 

8 

0 

2 

bi 

10 

28     6 


a  Included  in  sample  12753.  h  Included  in  sample  12764. 

Notes. — For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  S.  Geol. 
Survey  BuU.  327,  1907,  p.  44;  Bull.  500,  1912,  p.  78. 

Ghickaloon  Greek.    Watson  Tunnel  No.  4. 

Sample. — Semibituminous  coal;  Matanuska  field;  analysis  No.  12758  (p.  22). 

Locality. — ^Watson  Tunnel  No.  4,  near  Watson  Gamp,  Ghickaloon  Greek. 

Coal  bed. — ^Unnamed.  Tertiary  age,  Ghickaloon  formation.  Thickness,  about  10 
feet.  The  bed  contained  4  feet  6  inches  of  crushed  coal  and  two  or  three  bands  of 
bony  coal.  Stride,  east  and  west;  dip,  80^  N.  Floor  and  roof,  carbonaceous  shale, 
much  jointed  and  slickensided. 


a  8ee  Martin's  section,  U.  S.  Qeol.  Sorvey  Bull.  327,  p.  44,  Nos.  2  and  6. 
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SoU$. — The  iMnple  wm  Uken  in  the  west  croncut  off  the  entry,  111  feet  from  the 
entjy  mouth.    The  croMcut  to  Uie  eaot  had  caved  and  the  face  could  not  be  reached. 

The  coal  bedi  in  the  vicinity  of  Chickaloon  Creek  are  described  in  U.  S.  GetA, 
Survey  BuU.  500, 1912,  pp.  77-81. 

Chickaloon  Cbeex.    Prospbct. 

Sample, — Semibituminoua  coal;  MaUnuaka  field;  analyab  No.  12761  (p.  22). 
JxyoalUy, — Cliickaloon  Creek. 

Coal  bed. — Unnamed.    Tertiary  age,  Chickaloon  formation. 
NoUi. — ^The  bed  was  sampled  on  November  2, 1911. 

The  coal  beda  in  the  vicinity  of  Chickaloon  Creek  are  described  in  U.  S.  Geol. 
Survey  Bull.  500,  1912,  pp.  77-81. 

Chickaloon  Crebk.    Tunnel  B. 

Sample. — Semibituminous  coal;  Matanuska  field;  analysis  Nos.  12756  and  12760 
(pp.  22  and  28). 

Locality. — Tunnel  B,  on  Chickaloon  Creek. 

Coal  bed. — Unnamed.    Tertiary  age,  Chickaloon  formation. 

Noiee. — The  bed  was  measured  and  sampled  at  one  point  in  the  entry  on  October 
25,  1911,  as  described  below: 

Section  of  coal  bed  in  Tunnel  B,  Chickaloon  Creek. 


Coftl,  Impure.... 

Bona 

Coftl 

Dona,  lenticular. 

Coal 

Shale 

Coal 

Bhala 

Coal 

fihale 

C'Oal,  Kood 


Ft.  in. 

03  3 

0  4 

1  0 

0  6 

1  0 
1  0 
1  1 

0  8 

1  8 
1  1 

»3  10 


•«  Included  In  lample  13700.  b  Included  in  sample  12756. 

Notee. — For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol. 
Survey  Bull.  327,  1907,  p.  6;  Bull.  500,  1912,  p.  79. 

(■OAL  Crbrk.    Prospect. 

iVamp/^.— Bituminous  coal;  Matanuska  field;  analysis  No.  12744  (p.  23). 

Aora/iVy.- -Prospect  on  Coal  Creek. 

Coal  6«/.— UnnamcHl.    Tertiary  age,  Chickaloon  (?)  formation. 

M>tf«.— The  bed  was  sampled  on  October  27, 1911. 
available. 

The  coal  beds  in  the  vicinity  of  Coal  Creek  are  described  in  U.  S.  Geol.  Survey  Bull. 
500,  1912.  pp.  77-78. 

Coal  Cbbbk.    Pbospbct. 

Sample. — Bituminous  coal;  Matanuska  field;  analysis  No.  12748  (p.  23). 
Lora/i^.--Prosj>et*t  on  Coal  Cre«?k. 

<\>al  bed,  —Unnamed.    Tertiary  age,  Chickaloon  (?)  formation. 
.Vo/<«.— The  bed  was  sampled  on  November  7, 1911. 
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The  coal  beds  in  ^e  vicinity  of  Coal  Greek  are  described  in  U.  S.  QeoL  Survey  Bull. 
327,  1912,  pp.  77-78. 

Coal  Cbeek  (?). 

Sample. — Bituminous  coal;  Matanuska  field;  analysis  No.  12743  (p.  23). 
Note. — No  further  information  available. 

Matanuska  Rhter.    O'Brien  Claims. 

Sample. — Bituminous  coal;  Matanuska  field;  anal3r8i8  Nos.  12755  and  12762  (p.  23). 

Locality. — Outcrop  1  mile  south  of  Matanuska  River,  on  O'Brien  group  of  claims. 

Coal  bed. — ^Unnamed.    Tertiary  age,  Chickaloon  formation. 

About  1  mile  south  of  Matanuska  River  the  bed  outcrops  on  the  north  face  of  a 
bluff,,  about  555  feet  above  the  level  of  Blatanuska  River,  probably  near  the  1,600-foot 
contour  line  and  southwest  of  the  east  end  of  Anthracite  Ridge.  The  coal  is  exposed 
just  east  of  a  shallow  ravine  extending  up  the  face  of  this  bluff.  Strike,  N.  75^  E., 
dip  23*»  SE. 

The  bed  was  measured  and  sampled  at  this  point  by  J.  A.  Holmes  in  September, 
1911,  as  described  below: 

Section  of  coal  bed^  north  face  of  bluff. 


Carbonaoeoos  shale 

Coal 

Shale • 

Coal 

Shale 

Cori 

Shale 

Coal 

Bonyooal 

Coal 

Shale 

Coal 

Bon  V  coal 

Sanastone 

Coal 

Bonv  ooal : 

Sandy  shale  and  bony  ooal 

Coal 

Bone 

Coal 

Bone 

Coal 

Bone 

Coal 

Coal,  slightly  bony 

Coal. 

Coal,  slightly  bony 

SbalB 

Coal 

Shale,with  streaks  of  ooal 

Coal 


Ft. 

in. 

0 

12 

0 

4 

0 

i 

0 

10 

1-2 

0 

0 

9 

0 

2 

0 

10 

0 

H 

2 

6 

0  1-2  (?) 

1 

1 

0 

1 

0  5-7 

0 

7 

0 

21 

02-3 

1 

2 

0 

1 

4 

1 

0 

1 

0 

2 

0 

k 

0 

10 

0 

2 

0 

8 

0 

10 

02-6 

1 

0 

1 

0 

1+0 

The  base  of  this  bed  was  covered  up.  The  samples  include  the  entire  section  as 
given  above  except  the  bottom  12  inches. 

Sample  12755  represents  the  upper  part  of  the  bed,  and  sample  12762  the  lower 
part  of  the  bed. 

Matanuska  River.    O'Bbien  Claims. 

Sample. — Bituminous  coal;  Matanuska  field;  analjrsiB  No.  12763  (p.  23). 
Loadity. — Outcrop,  on  the  O'Brien  group  of  claims,  Matanuska  River. 
Coal  bed, — ^Unnamed.    Tertiary  age,  Chickaloon  formation. 
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The  b«d  ww  mcaroiPd  ami  f«in|>l«d  by  J.  A.  Hofanm  on  Nov«iib«r  2,  I91I, 
Section  o/eoal  bed  at  mUcmp.  simA  af  Matumuka  River. 


L«bM«t«f7No I    ant 

C«rboiMM0otis  abals.                                                                                                                  >  ^  m. 

Coal I  0  m 

Shake ,  4  0 

Bony  cottlwftlistxvAks  of  good  oofll ,  Z  3 

Shal« ,  0  la 

Coal 1  0  9 

Bony  mat ...,  o  7 

Shatewlth  trraffolar  bands  of  coal ,  3  5 

Coal ,  3  3 

Bony  fio«a ,  I  7 

Shala !  9  5 

Coal  with  impoTB  or  bony  baada i  I  5 

Shala •  3  5 

Coal  wtth  bony  bands I  • 

Shala 1  I  3 

Bonyooal ,  I  • 

Coal  I  7 

The  Rttmpl«  warn  taken  at  an  ootrrop  in  the  w«8t  fiKe  and  hed  <d  a  cavine,  about 
100  fe«t  below  the  top  of  the  blnif .  The  point  where  the  ounple  was  talc^  is  <mm- 
foarth  of  a  mile  fionth  of  the  point  where  aamples  12735  and  12762  were  taken^  and 
ifl  flonthwent  of  the  eant  end  of  Anthracite  Ridf^.     Strike.  N.  60  W,  dip  20^  to  40^ 

MATANtTAKA  Rmm.    03KiK3r  Claocs. 

ff ample. — BitnminoaR  coal;  Matannska  field;  analyaia  Xo.  12747  (p.  23). 

Locality. — Ont/Top,  O'Brien  rkuBM,  Matannska  River. 

Coal  bed. — Unnamed.    Tertiary  age,  Chickaloon  formation. 

The  bed  wa«  sampled  at  one  point  on  October  27,  1911. 

Noie*. — The  sample  wat*  taken  near  and  on  the  w«et  nde  of  the  gokh^  and  35  to  55 
feet  above  the  point  where  sample  12763  was  taken.  The  bed  wad  partly  exposed 
and  had  apparently  the  same  strike  and  dip  %a  the  bed  represented  by  sample  12783. 
A  section  of  the  part  enpoHed,  meaanred  from  above  downward,  was  as  foDovB:  Coal, 
^  Ut  4  feft;  shale,  6  to  10  inchfs;  coal,  1  to  3  feet. 

Matanuska  River.    O'Brisn  Claims. 

fiampU.  -  Bituminous  coal;  Matanuska  field;  analysis  No.  12749  (p.  23). 

JAftaUty.    Outcrop  about  1  mile  south  of  Matannska  River,  on  O'Brien  claim. 

CmI  yd.    Unnamed.    Tertiary  age,  Chickaloon  formation. 

TTie  beil  was  measured  and  sampled  at  one  point  on  October  27,  1911,  as  described 

below 

Section  of  coal  bed  at  outcrop^  1  mile  iouth  of  river. 


l/atmrr Atoty  No 

Bhala  with  straaks  of  coal 

CVtal 

Rhala 

(ml 

Rhala  with  baodi  of  coal 

Bhala  

Carbonaoeoufl  nhala  with  Btreaks  of  coal . 


12749 

Ft.  m. 

•  2     7 

2    10 

aO»^ 

•1      0 

•  2      0 

•  4-6      0 

a  1.2      0 

«  Not  biottided  In  sample. 

The  sample  was  taken  from  an  outcrop  in  the  east  face  of  the  gulch,  and  50  to  75 
above  the  point  (across  strata)  where  sample  12763  was  taken  and  about  50  feet 
IT  top  of  bluff. 
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Matanuska  River.    O'Brien  Claims. 

5amp2e.— Bituininoiis  coal;  Matanuaka  field;  analyeie  No.  12751  (p.  23). 
LocaHty.—OnicTop  one-half  mile  south  of  Matanuska  River,  near  O'Brien  cabin. 
Coal  bed. — Not  named.    Tertiary  age,  Chickaloon  formation. 
The  bed  was  measured  and  sampled  at  one  point  by  J.  A.  Holmes  on  November  1, 
1911. 

Sample  12751  was  taken  at  a  point  about  one-half  mile  south  of  Matanuska  River, 
near  a  small  stream  which  flows  north  (toward  river)  by  the  T.  E.  O'Brien  cabin  on 
the  O'Brien  coal  claim  and  some  300  yards  up  this  stream  from  the  point  where  sam- 
ple 12754  was  taken  in  the  west  or  right  face  of  the  bluff.  The  bed  is  exposed  from  a 
few  feet  above  the  level  of  the  creek  to  near  the  top  of  the  bluff.  The  bed  here  has 
a  strike  nearly  east  and  west  and  a  dip  60°  to  70°  NNW.  The  section  measured  from 
the  north  side  southward  was  about  as  follows: 

Section  of  coal  bedy  near  0*Brien  cabin. 


Laboratory  No 

Sbale. 

Coal,lmpare 

ffliale 

Coal  with  few  thin  lX)nybaiKi8.. ..*.*..'.* !.!!!!!!!!!!!!!!!! !!]!!!!"!!!! 

bineoiisroek 

Coal  with  oocasioiial  bands  of  shale  and  bone  (probably  75  per  aeaoX  coal) 

Shale 

Altered  rock,  li^t-oolored,  earthy. 


12761 

Ft. 

In, 

a\ 

0 

aO 

4-6 

6 

0 

a^-% 

0 

a  14 

0 

a  1-2 

0 

o  Not  included  in  sample. 
The  shale  and  other  rock  strata  on  south  side  of  the  bed  were  faulted. 

Matanuska  Rhter.    O'Brien  Claims. 

Sample. — ^Bituminous  coal;  Matanuska  field;  analysis  12754  (p.  23). 

Locality. — O'Brien  claim,  one-half  mile  south  of  Blatanuska  River. 

Coal  bed. — ^Unnamed.    Tertiary  age,  Chickaloon  formation. 

The  bed  was  measured  and  sampled  at  one  point  by  J.  A .  Holmes  on  October  24, 1911. 

Sample  12754  was  taken  from  an  outcrop  on  the  west  slope  of  a  gulch  (^ing  east), 
one-half  mile  south  of  Matanuska  River  and  a  short  distance  up  a  small  stream  from 
the  cabin  of  T.  E.  O'Brien.  The  bed  outcrops  about  100  feet  above  the  level  of  the 
creek  and  shows  thick  irregular  beds  of  coal  interbedded  with  thin  irregular  layers  of 
ferruginous  sandstone(?),  with  other  thin  or  nearly  vertical  beds  that  resemble  some- 
what the  eruptive  rocks  seen  elsewhere  in  this  field.  The  beds  of  coal  are  irregular 
and  in  places  massive,  and  stand  out  prominently  in  the  natural  exposure.  Strike 
nearly  east  and  west.    The  bed  is  nearly  vertical. 

A  section  across  the  main  beds  of  coal  measured  from  north  to  south  was  as  follows: 

Section  of  coal  bed  one-half  mile  south  of  Matanuska  River. 


Laboratory  No 

Shale,  with  5  to  10  Inch  bands  of  "iron  ore"  in  more  or  less  nodular  masses. 

Coal 

Booycoal -" 

Garbonaoeoas  shale 

Coal : 

Shale 

Coal,  pinching  out  in  places 

Shale 

Coal,  wiUi  irregular  bands  of  bony  coal 

Shale,  witii  streaks  of  coal 

Impme  bony  coaL 

Shale,  with  nodular  bands  of  "iron  ore" 

Bony  eoal  in  lentioalar  masses,  1  to  6  inches  thick  interbedded  in  carbonaceous  shale 

Bhato,  dark  colored,  impregnated  and  in  places  interbedded  with  nodular  bands  (1  to  8 
Inches  thick)  of  "iron  ore^' 


12764 


Ft. 

<fl. 

3 

6 

aO 

11 

aO 

6-10 

oO 

&-10 

aO 

6-10 

o  -1 

0 

o  -2 

0 

«l-2 

0 

o  -1 

0 

a4 

0 

ab 

10 

a  19 

0 

30-10 


a  Not  included  in  sample. 
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Matanuska  Riyrb.    O'Bribn  Claims. 

Sample. — ^Bituminous  coal;  MatanuBka  field;  analysiB  No.  12759  (p.  23). 

Locality. — Outcrop  on  O'Brien  claim,  about  one-half  mile  south  of  Matanuska 
River. 

Coal  bed. — ^Unnamed.    Tertiary  age,  Chickaloon  formation. 

The  bed  was  measured  and  sampled  at  one  point  by  J.  A.  Holmes  on  November 
2, 1911. 

Sample  12759  was  taken  from  an  outcrop  on  the  west  side  and  near  top  of  bluff 
(facing  east)  across  the  gulch  from  the  point  where  sample  12751  was  taken.  It  is 
probably  the  same  bed.  The  exposure  was  prominent,  but  the  boundaries  were  not 
clearly  defined.    A  section  measured  from  the  north  side  southward  was  as  follows: 

Section  of  coal  bed,  we9t  side  of  bluff. 


Soft  black  shale 

Coal 

Shale 

Coal 

fihale 

Impure  coal 

8hde 

Coal ^ 

Shale 

Coal 

Bony  coal 

Shale 

Coal 

Shale 

Coal 

Bone 

Coal 

Shale,  with  irregular  bands  oC  bony  coal 

Coal 

Bony  coal  with  streaks  of  shale 

Coal 

Shale 

Coal 

Bony  coal 

Coal 


Ft. 

in. 

0 

4 

0 

8 

1 

8 

5 

«10 

0 

8 

0 

6 

0 

10 

0 

9 

0 

3 

0 

10 

0 

6 

0 

5 

2 

6 

0 

1 

0 

11 

0 

1 

2 

9 

1-3 

0 

0 

1-18 

1-3 

0 

1 

4 

0 

2 

1 

2 

1 

2 

0 

8 

o  Or  more. 


Notes. — In  the  upper  part  of  the  bed  the  coal  appears  to  fold  on  itself  southward 
and  thus  gives  the  appearance  of  being  25  to  30  feet  thicker  than  would  be  indicated 
by  the  above  section. 

Young  Creek.    Outcrop. 


Sample. — Bituminous  coal;  Matanuska  field;  analysis  No.  11382  (p.  23). 

i!x)ca%.— Outcrop  near  Young  Creek;  longitude  148°  42^  12^^  west,  latitude  61** 
47^40'^^iorth. 

Coal  bed. — Unnamed.  Tertiary  age,  Chickaloon  formation.  Dip,  54°  SE.;  strike, 
N.  67*»  E. 

The  bed  was  sampled  by  Q.  C.  Martin  on  August  11,  1910,  in  the  vicinity  of  Young 
Creek.  The  sample  was  cut  from  a  natural  outcrop  after  cleaning  off  with  a  pick  as 
far  as  possible  all  weathered  coal.  The  bed  was  not  measured  at  this  point,  but  a  typi- 
cal section  measured  on  the  north  face  of  Red  Mountain  about  4  miles  north  of  the 
mouth  of  Young  Creek  is  as  follows: 


Ml 
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Section  of  coal  bed  on  north/aee  of  Red  Mountain,  about  4  mUea  north  of  mouth  of  Young 

Creek. 


Roof,  shale  with  ironstone  nodoles. 

Coal  (exposure  obscure;  thickness  estimated) . 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Thickness  of  bed 


Ft. 

in. 

7 

5 

0 

H 

1 

2 

0 

1 

0 

6 

0 

H 

0 

7 

0 

1 

0 

4 

0 

k 

0 

3 

0 

1 

3 

0 

12    8 


Notes. — ^Another  coal  bed  at  least  5  feet  and  poesibly  10  feet  thick  is  poorly  exposed 
about  30  feet  stratigrapbically  above  this,  the  intervening  rocks  being  shale  with  iron- 
stone nodules  and  sandstone.  About  30  feet  higher  another  bed  of  unknown  thick- 
ness is  present  and  50  feet  still  higher  indications  of  another  bed  were  seen. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  480,  p.  129. 

COLORADO. 

ADAHS  OOUNTY. 

Bbnnbtt.    Thomas  Minb. 

Sample. — Subbitiuninouscoal;  Denver  region;  analysis  No.  13141  (p.  23). 

Mine. — ^Thomas,  in  sec.  12,  T.  1  S.,  R.  61  W.,  about  25  miles  northeast  of  Bennett, 
on  the  Union  Pacific  Railroad. 

Coal  bed. — No  name.    Cretaceous  age,  Laramie  formation. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  G.  B.  Richardson 
on  October  23,  1911.  The  sample  was  from  a  4-foot  bench  of  coal.  There  was  coal, 
reported  2  feet  thick,  above  the  bench  sampled,  and  coal,  reported  2  feet  thick, 
below  it. 

The  sample  was  obtained  at  the  working  ^e  in  the  mine,  about  100  feet  south  of 
the  bottom  of  the  shaft,  which  is  110  feet  deep. 

Notes. — The  coal  beds  of  the  Denver  Basin  are  described  in  U.  S.  Geol.  Survey  Bull. 
381, 1910,  pp.  297-306. 

BOX7LDBB  OOUNTY. 

Lafayette.    Simpson  Mine. 

Sample. — Subbitiuninous  coal;  Denver  r^ion;  analysis  No.  15165  (p.  24). 

Mine. — Simpson,  a  shaft  mine  in  the  Northern  district;  in  T.  1  S.,  R.  69  W.;  at 
Lalayette,  on  the  Colorado  &  Southern  Railway. 

Coal  bed. — Known  as  the  Simpson  or  Lower.  Cretaceous  age,  Laramie  formation. 
Hie  bed  is  practically  horizontal.  Thickness,  6  to  14  feet,  average  12  feet.  The 
characteristic  impurities  are  local  bone  and  ^'sulphur''  partings.  Roof,  hard  gray 
shale,  overlain  by  sandstone;  floor,  soft  smooth  underclay.  Particles  of  the  roof  imd 
iloof  did  not  mix  with  the  coal  in  loading. 


\ 
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The  bed  wsa  meMored  and  aanqpled  at  one  pmnt  in  the  mine  by  J.  C.  Boberte  on 
November  15, 1912,  aa  described  below: 

Section  of  coal  bed  in  Simpmm  imine. 

LabormtoryNo '  15116 

RooLshale.  FL  Im. 

Coal a4     3 

Coal 4     3 

Bone: ,  0     3 

Coal !  3     5 

Floor,  claj. 

TnfclmwB  of  bod 


TUdOMflS  of  eoal  aampled . 


11     0 
6    10 


•  Not  iochidod  in  sample;  isgoodeoalbotismfaedoolyiriMBBiBiBgpfllHsoaTetnatlDC. 

Section  A  (sample  15165)  was  measured  at  the  face  of  room  1,  off  entry  125. 

Nates. — ^The  mine  is  woriced  by  the  room-and-piUar  eystem.  At  the  time  of  aam- 
I^ing,  the  coal  was  undercut  by  air  punching  machines  and  broken  down  with  bfaKrk 
blasting  powder.  The  undercuttings  were  loaded  out  with  the  coal.  All  coal  was 
shipped  as  nin-of-mine.  There  were  three  loading  tracks  with  a  capacity  <rf  30 
empty  and  30  loaded  cars.  The  mine  had  approximately  300  acres  <rf  undeveloped 
coal.    The  daily  output  was  about  450  tons,  most  of  which  was  taken  from  piUars. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  54,  55,  398, 399. 

For  results  of  tests  of  other  coal  from  this  mine,  see  mention  of  specific  tests  as  fol- 
lows— Steaming  tests:  U.  S.  Geol.  Survey  Bull.  261,  p.  80;  producer-gaa  tests:  U.  8. 
Geol.  Survey  Bull.  261,  p.  90;  Bureau  of  Mines  Bull.  13,  pp.  108, 272;  briqueting  tests: 
U.  S.  Geol.  Survey  Bull.  261,  p.  152;  coking  tests:  Bureau  of  Mines  Bull.  5,  pp.  21, 51. 

DBLTA  COTTNTT. 
Bowie.    Kino  Mine. 

<9am/>2/;.— Bituminous  (noncoking)  coal;  Grand  Mesa  field;  analysis  No.  15213 
(p.  24). 

Mine. — King,  a  drift  mine  in  the  Somerset  district,  1  mile  from  Bowie,  on  the  Denver 
&  Rio  Grande  Railroad. 

Coal  bed. — King.  Cretaceous  age,  Mesaverde  formation.  Average  thickness,  10  feet; 
dip,  N.23''33^E.;  cleat,  N.  82'' E.  Occasional  faults  and  frequent  rolls  or  horsebacks 
are  encountered.  The  immediate  roof,  a  bony  coal  2  to  6  feet  thick,  is  overlain  by  15 
feet  of  sandstone.  The  floor  is  bony  coal  2  to  6  inches  thick,  underlain  by  sandstone. 
Particles  of  the  roof  and  floor  did  not  become  mixed  with  the  coal  in  mining  or  loading. 
Workable  beds  of  coal  occur  20  feet  above  and  80  feet  below  the  King  bed.  Cover  at 
point  of  sampling,  900  feet. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  W.  D.  Schofield  on 
December  7,  1912.  The  section  measured  10  feet  2  inches  of  clear  coal,  all  of  which 
was  included  iif  the  sample. 

The  sample  was  cut  from  the  face  of  room  5,  off  left  entry  3, 3,600  feet  from  the  mine 
mouth. 

Notes. — The  mine  is  worked  on  the  room-and-pillar  system.  At  the  time  of  samp- 
ling the  coal  was  undercut  by  hand  and  blasted  down  with  FFF  black  blasting  powder 
and  a  permissible  explosive.  The  tipple  had  two  shaking  screens  8  feet  wide  by  12 
feet  long;  one  screen  had  4-inch  holes  and  the  other  had  1-inch  holes,  about  55  to  60 
per  cent  of  the  coal  passing  the  screens.  No  pickers  were  employed  on  the  can.  The 
lumps  were  large  and  the  coal  had  a  good  appearance  on  the  cars.  There  were  three 
loading  tracks  with  a  capacity  of  30  empty  and  60  loaded  cars.  The  mine  had  a  caapa^ 
000  tons  a  day ;  the  average  output  being  about  450  tons. 
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There  were  approximately  1,000  acres  of  unmined  coal  tributary  to  thlB  tipple,  about 
33  per  cent  of  the  coal  being  obtained  from  advance  workLngs. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  55,  401. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  341, 1909,  p.  330. 

DoMiNGnEZ.    Wells  Gulch  Mine. 

S&mple. — Bituminous  coal;  Grand  Mesa  field;  analysis  No.  11106  (p.24). 

Jtftruj.— Wells  Gulch;  sec.  17,  T.  4  S.,  R.  3  E.;  in  Wells  Gulch,  Gunnison  Valley, 
about  2)  miles  northeast  of  Dominguez,  which  is  the  nearest  station  on  the  Denver 
&  Rio  Grande  Railroad. 

Coal  bed. — The  geologic  age  of  the  bed  has  not  been  definitely  determined.  Thick- 
ness, 3  feet  11  inches;  roof,  sandstone;  floor,  shale.  The  bed  was  measured  and 
sampled  at  one  point  in  the  mine  by  E.  G.  Woodruff,  on  October  19, 1910,  as  described 
below: 

Section  of  coal  bed  in  Wells  Gulch  Mine. 


LabGratonrNo 

Roof,  sandstone. 

Coal 

Sbale,  carbonaoeoas,  or  bone. 
Floor,  shale: 

Tliickneas  of  bed. 

Thickness  of  coal  sampled. . . 


11106 
Ft.   in, 
I     8 
a2     3 

3    11 
1      8 


a  Not  included  in  sample. 

Sample  11106  was  taken  at  the  face  of  the  entry,  about  200  feet  from  the  mine  mouth. 
At  the  time  of  sampling,  the  mine  was  not  being  worked.  The  face  had  been  exposed 
for  several  months,  and  was  cleaned  with  a  pick  prior  to  sampling. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  471,  1912,  p.  667. 

EL  PASO  COUNTY. 

Calhan.    Mosby  Mine. 

Sample. — Subbituminous  coal;  Colorado  Springs  field;  analysis  No.  10732  (p.  24). 

iftn^.— Mosby,  a  shaft  mine  in  sec.  18,  T.  13  S.,  R.  62  W.,  9  miles  south  of  Calhan, 
which  is  the  nearest  station  on  the  Chicago,  Rock  Island,  &  Pacific  Railway. 

Coal  bed. — ^Mosby .  Cretaceous  age,  Laramie  formation.  Thickness,  4  feet  8  inches. 
Roof,  sandy  shale.  The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by 
G.  B.  Richardson  on  August  3,  1910,  as  described  below: 

Section  of  coal  bed  in  Mosby  mine. 


Laboratory  No 

BocKj  sandy  shale. 

doal 

Partinc 

Coal 

Pardng. 

Coal 

Floor,  not  stated. 

TnlckneBS  of  bed 

Thickness  of  coal  sampled. 


10732 

Ft.  in. 

I    2 

oO    1 

1    6 

oO    3 

1    8 

4    8 
4    4 


a  Not  included  in  sample. 

The  sample  was  taken  about  30  feet  from  the  bottom  of  the  40-foot  shaft  at  the  work- 
ing face.    The  mine  was  worked  intermittently. 
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PlKBVIBW.      PiKBVISW  MiNB. 

Sample. — Subbituminous  coal;  Colorado  Springs  field;  analysis  No.  12099  (p.  24). 

Mine. — Pikeview,  a  shaft  mine  in  sec.  18,  T.  13  S.,  R.  66  W.,  1  mile  north  of  Pike- 
view  station,  on  the  Denver  &  Rio  Grande  Railroad. 

Coal  bed. — ^A.  Cretaceous  age,  Laramie  formation.  Average  thickness,  about  12  feet; 
dip,  4*^  N.,  35^  E.  The  bed  contains  numerous  rolls.  Cover  at  point  of  sampling, 
181  feet.  Roof,  a  thin  blue  shale,  above  which  is  a  soft  sandstone.  The  floor  is  a 
rough  shale  and  a  fire  clay  and  is  fairly  hard. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  J.  C.  Roberts,  on 
April  12,  1911.  The  sample  was  taken  at  the  face  of  north  entry  2,  4,000  feet  north- 
west of  the  shaft.  The  bed  at  this  point  was  10  feet  6  inches  thick,  but  the  sample 
represents  only  7  feet  5  inches,  the  upper  3  feet  of  the  bed  being  left  for  roof. 

Notes. — ^Mining  is  by  the  room-and-pillar  system.  At  the  time  of  sampling  the 
coal  was  imdercut  in  the  clay  and  blasted  down  with  FFF  black  powder.  The  coal 
is  soft  and  lignitic.  About  60  per  cent  of  the  output  was  sold  as  run-of-mine. 
About  60  per  cent  of  the  coal  would  pass  through  a  4)-inch  screen,  leaving  40  per 
cent  domestic  lump.  Pickers  were  employed  both  in  the  mine  and  on  the  car. 
Th«^  were  three  loading  tracks  with  a  capacity  of  25  empty  and  25  loaded  cars.  The 
output  was  550  to  600  tons  a  day.    The  unmined  area  covered  about  640  acres. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Siurvey 
Bull.  381,  1910,  pp.  322-332. 

Ramah.    Purdon  Mine. 

Sample. — Subbituminous  coal;  Colorado  Springs  field;  analsrsis  No.  10741  (p.  24). 

Mine. — Purdon;  sec.  27,  T.  11  S.,  R.  61  W.;  3  miles  southwest  of  Ramah,  which  is 
the  nearest  station  on  the  Chicago,  Rock  Island  &  Pacific  Railway,  and  6  miles  north- 
east of  Calhan. 

Coal  bed.— Loc&Wy  known  as  Purdon.  Cretaceous  age,  Laramie  formation.  Thick- 
ness, 6  feet  9}  inches.  Roof,  sandy  shale.  The  bed  was  measured  and  sampled  by 
0.  B.  Richardson  on  August  15,  1910,  as  described  below: 

Section  of  coal  bed  in  Purdon  mine. 


LaboratoiTNo 

Roof,  Muidy  dialo. 

(W.... 

Shale,  ■ttndy 

Coal,  with  6  parttngs,  each  Ian  than  |  inch  thlok. 

Shala,  Mtfidy,  and  ooal 

Coal  with SparUngs,  each  Ima  than |  inch  thkdc. 
Floor,  not  iti^ad. 

Thiodmess  of  bed 

Thidmessofooal  sampled 


10741 

Ft. 

In. 

1 

0 

•  0 

U 

3 

8 

•  0 

3 

2 

10 

6 

H 

6 

6 

*  Not  in<daded  in  sample. 

The  above  sample  was  taken  at  the  face  of  the  workings,  about  700  feet  from  the 
entry. 

Ifotei. — ^The  mine  was  worked  intermittently. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  57,  408. 

For  a  description  of  ^e  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
BuU.  381, 1910,  pp.  319-835. 
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Chandler.    Chandler  Mine. 

Sample. — Subbituminous  coal;  Canon  City  field;  analyses  Noe.  13393,  13394,  and 
13395  (pp.  24  and  25). 

Mti«.— Chandler,  a  shaft  mine  in  sec.  22,  T.  19  S.,  R.  70  W.,  near  Chandler,  on 
a  spur  of  the  Denver  &  Rio  Grande  Railroad. 

Coal  bed. — Canon.  Cretaceous  age,  Vermejo  formation.  Average  thickness,  4  feet 
3  inches;  dip,  4^  north.  The  bed  is  free  from  faults  but  contains  rolls  and  horsebacks. 
The  roof  is  a  ''draw  slate "  6  to  10  inches  thick  which  comes  down  with  the  coal ;  above 
this  "draw  slate"  is  a  cap  rock.  The  floor  is  a  soft,  rough,  shaly  sand  rock.  Cover  at 
points  of  sampling,  about  70Q  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  J.  C.  Roberts  on 
February  27, 1912,  as  described  below: 

Sections  of  coal  bed  in  Chandler  Mine. 


Section 

Laboratory  No 

Rocrf.  "draw  slate." 

B<Hie. 

Coal,  clean 

Floor,  shaly  sand  rock. 

ThickiMssofbed 

Thickness  of  coal  sampled 


B. 
13394 
Ft.  in. 

"i     9 


4 
4 


9 
9 


a  Not  inclnded  in  sample. 

Section  A  (sample  13393)  was  measiu^  at  the  face  of  east  entry  9. 

Section  B  (sample  13394)  was  measured  at  the  face  of  the  main  slope. 
^  A  composite  sample  was  made  by  combining  and  mixing  face  samples  13393  and 
13394.    The  ultimate  analysis  of  this  sample  is  given  imder  laboratory  No.  13395. 

Notes. — ^The  shaft  is  484  feet  deep.  The  coal  is  mined  by  the  room-and-pillar  sjrs- 
tem.  At  the  time  of  sampling  the  coal  was  imdercut  by  electric  chain  cutting 
machines  and  was  shot  down  with  a  permissible  explosive.  ''Forty  per  cent "  dyna- 
mite was  used  for  brushing  the  roof.  The  tipple  was  equipped  with  bar  screens  18 
feet  long  with  2-inch  openings  and  a  revolving  screen  16  feet  long  with  }-inch  to 
l^inch  holes.  About  40  per  cent  of  the  coal  passed  through  the  screens,  none  being 
shipped  as  nm-of-mine.  Pickers  were  employed  on  both  picking  table  and  car  in 
loading.  There  were  two  loading  tracks  with  a  capacity  of  36  empty  cars  and  30 
loaded  cars.  The  coal  had  a  good  appearance  and  contained  large  lumps.  The 
average  daily  output  of  the  mine  was  550  tons.  About  90  per  cent  of  the  coal  was 
from  advance  workings  and  10  per  cent  from  pillars.  The  life  of  the  mine  would  be 
probably  10  years. 

For  anal3rBes  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  58,  414. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
BuU.  381,  1910,  p.  358. 

ROCKVALE.   ROGKVALB  MiNE. 

Sample. — Subbituminous  coal;  Canon  City  field;  analyses  Nos.  11938,  11939,  and 
11941  (p.  25). 

Jfm.— Rockvale,  a  slope  mine  in  sees.  25  and  36,  T.  19  S.,  R.  70  W.,  and  sees.  30 
and  31,  T.  19  S.,  R.  69  W.,  at  Rockvale,  on  the  Atchison,  Topeka  &  Santa  Fe  Railway. 

Coal  6«f.— -Rockvale.  Cretaceous  age,  Vermejo  formation.  Average  thickness,  3 
feet  6  inches;  dip,  5^  N.  60^  W.    The  roof  is  sandstone  and  black  shale,  which  is  haid 
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at  some  places  and  soft  in  others,  is  generally  smooth,  and  does  not  adhere  to  the 
coal.  The  floor  is  a  mixture  of  coal  and  clay  and  is  called  '^  blackjack  ";  it  is  toug^ 
and  usually  smooth.    Cover,  about  320  feet. 

The  bed  was  measured  and  sampled  at  two  places  in  the  mine  by  J.  C.  Roberts  on 
March  7,  1911. 

Sample  11938  was  measured  at  the  hce  of  room  39,  off  the  third  dip,  about  6,000 
feet  south  from  the  shaft.    The  sample  represents  3  feet  9}  inches  of  clear  coal. 

Sample  11939  was  measured  at  the  face  of  room  31,  off  the  fourth  dip,  6,200  feet 
south  of  the  shaft.    The  sample  represents  3  feet  9  inches  of  clear  coal. 

A  composite  sample  was  made  by  combining  face  samples  11938  and  11939.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11941. 

Notes. — The  long- wall  method  of  mining  is  used.  At  die  time  of  sampling  all  of  the 
coal  produced  was  from  advance  workings.  The  coal  was  undercut  in  the  clay  and 
broken  down  by  black  powder;  **40  per  cent "  dynamite  was  used  in  brushing  the  twA. 
All  of  the  coal  was  screened,  none  being  sold  as  run-of-mine.  About  43  per  cent 
of  the  coal  passed  through  a  3-inch  screen,  the  screenings  producing  18  per  cent  nut 
coal  and  25  per  cent  slack;  57  per  cent  of  the  coal  was  sold  as  lump.  Pickers  were 
employed  to  pick  the  coal  as  it  was  loaded  on  the  car.  There  were  two  loading  tncks 
with  a  capacity  of  100  empty  can  and  50  loaded  cars. 

The  daily  output  was  about  900  tons;  the  unmined  area  tributary  to  the  mine  was 
about  1,200  acres. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  59,  415. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
BuU.  381,  1910,  p.  352. 

OABFIBIiD  COT7NTY. 
Nbwgastlb.    Vulcan  Minb. 

Sample.— Bituminous  coal;  Grand  Hogback  field;  analyses  Nos.  12325, 12326, 12327, 
and  12420  (p.  25). 

JfifK.— Vulcan;  Glenwood  Springs  district;  sec.  1,  T.  6  S.,  R.  91  W.;  2  miles  east  of 
Newcastle,  on  the  Colorado  Midland  Railway. 

Coal  bed. — Allen.  Cretaceous  age,  Mesaverde  formation.  Average  thicknen,  about 
14  feet.    Roof,  a  poor  quality  of  sandstone;  floor,  sandstone. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  J.  C.  Roberts 
on  June  14  and  18, 1911. 

Sample  12325  was  cu£  from  the  face  of  the  east  entry  on  the  third  level,  1,250  feet 
southeast  of  the  mine  mouth.  The  sample  represents  10  feet  6  inches  of  coal  fixNn  the 
lower  part  of  the  section. 

Sample  12326  was  cut  from  the  bee  of  the  Allen  entry  on  the  second  level,  1,700  feet 
from  the  mouth  of  the  entry.  The  sample  representa  10  feet  of  coal  from  the  lower 
part  of  the  section. 

Sample  12420  was  cut  from  the  face  of  room  15,  250  feet  up  from  the  entry  and  1,000 
feet  southeast  of  the  mine  mouth.  The  sample  represents  10  feet  of  coal  from  the 
middle  of  the  section. 

A  composite  sample  was  made  by  combining  and  mixing  face  samples  12325  and 
12326.    An  ultimate  analyaia  of  this  aample  ia  given  under  kboratary  No.  12327. 

JVotef.^Tbe  coal  is  mined  by  the  room-and-pillar  system.  The  bottom  bench  of 
about  6  feet  was  fint  mined,  then  the  top  bench  was  taken  down  and  pilkn  removed. 
At  the  time  of  sampling  the  entire  output  waa  diipped  aa  nm-of-nlne  except  what 
was  delivered  by  wagon  for  d<Mnefltic  pvrpoeea.  The  coal  loaded  on  wagons  waa 
screened  over  bars  12  feet  long  with  2-inch  openings.  There  were  three  loading  tracks 
with  a  capacity  of  20  empty  cars  and  25  loaded  cars.    The  daily  output  was  about 
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150  tons.    The  pfobable  life  of  the  mine  was  50  years.    All  the  coal  mined  was  taken 
from  advance  workings. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey  Bull. 
415,  1910,  p.  112. 

South  Canyon.    Sotrrn  Canyon  Mine. 

Sample. — Bituminous  (noncoking)  coal;  Grand  Hogback  field;  analyses  Nos.  15166 
and  15167  (p.  25). 

Mine. — South  Canyon,  a  drift  mine  in  the  Glenwood  Springs  district,  in  the  NW. 
i  sec.  14,  T.  6  S.,  R.  90  W.,  at  South  Canyon,  3  miles  from  the  Colorado  Midland  Rail- 
way and  connected  with  the  railroad  station  by  trolley  line. 

Coal  bed. — ^Wheeler;  Cretaceous  age,  Mesaverde  formation.  Average  Uiickness,  18 
feet;  dip  55^.  There  are  no  cleats  or  faults  but  occasional  rolls  and  horsebacks  are 
encountered.  The  roof  (hanging  wall)  is  a  hard  black  shale  above  which  there  is  a 
sandstone  cap  rock.  The  floor  is  a  smooth,  soft,  black  shale.  Particles  of  the  roof  and 
floor  did  notmix  with  the  coal  in  mining.  Seventy-two  feet  above  this  bed  and  32  feet 
underneath  are  workable  beds  of  coal.    Cover  at  points  of  sampling,  500  to  550  feet. 

The  bed  was  measiured  and  sampled  at  two  points  in  the  mine  by  J.  C.  Roberts  on 
November  30, 1912,  as  described  below: 

Sections  of  coal  bed  in  South  Canyon  Mine. 

Section A              B 

Laboratory  No 15166         15167 

Roof,  shale.  Ft.     in.    Ft.     in. 

Topcoal 5          9  «10          0 

Coal (6)           7          8 

Floor,  shale. 

Thickness  of  bed 17  8 

Thickness  of  coal  sampled 6        9      7         8 

a  Not  included  in  sample.  h  Not  measured. 

Section  A  (sample  15166)  was  measured  in  the  main  entry,  800  feet  from  the  portal. 

Section  B  (sample  15167)  was  measured  at  the  ^e  of  the  main  entry,  1,600  feet 
from  the  portal. 

Notes. — ^The  mine  is  worked  by  the  room-and-pillar  system.  At  the  time  of  samp- 
ling the  coal  was  shot  down  with  permissible  explosives.  None  of  the  coal  was  shipped 
as  run-of-mine.  The  coal  was  screened  over  bars  18  feet  long  with  4-inch  openings,  a 
diaker  screen  14  feet  long  and  6  feet  wide  with  2i-inch  openings  and  a  shaker  screen 
14  feet  long  and  6  feet  wide  with  1-inch  openings.  Twenty  per  cent  of  the  coal  passed 
through  the  1-inch  screen.  This  fine  coal  was  wasted,  as  there  was  no  market  for  it. 
The  coal  was  picked  or  trimmed  on  the  car,  and  the  loaded  lump  coal  had  a  good 
appearance.  There  were  three  loading  tracks  with  a  capacity  of  15  empty  and  15 
loaded  cars.  The  immined  area  tributary  to  this  opening  was  about  1  mile  long  on 
the  strike  of  the  bed.    The  daily  output  was  350  tons. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  61,  421,  422. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey  Bull. 
415,  1910,  p.  130. 

OUNNISON  COUNTY. 

SoMSRSET.    Somerset  Mine. 

Sample.— BitaniinouB  coal;  Grand  Mesa  field;  analyses  Nos.  12322, 12323,  and  12324 
(p.  25). 

Mine. — Somerset;  a  slope  mine  in  the  Somerset  district,  near  Somerset,  on  the 
Denver  &  Rio  Grande  Railroad. 
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Coal  bed. — Not  named.  Cretaoeotis  age,  Mesaverde  fonnaticHi,  Bowie  shale. 
ThickneaB,  8  to  12  feet.    Roof,  sandstone;  floor,  bony  coal  about  8  inches  thick. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  J.  0.  Roberts  on 
June  15,  1911,  as  described  below: 

Sections  of  coal  bed  in  Somerset  mine. 


Sectkm 

Laboratonr  No. 

Roof,  sandstoiie. 

Coal 

Coal,  bony 

Coal 

Floor,  bony  coal. 

Thickness  of  bed 

Thickness  of  coal  sampled. 


a  Not  indoded  in  sample. 

Section  A  (sample  12322)  was  measured  at  the  face  of  room  46  off  west  entry  6, 
10,000  feet  north  of  the  entry  mouth. 

Section  B  (sample  12323)  was  measured  at  the  face  of  west  entry  9, 4,500  feet  north 
from  the  mouth. 

A  composite  sample  was  made  by  combining  face  samples  12322  and  12323.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  12324. 

Notes. — At  the  time  of  sampling  the  coal  was  shot  down  with  black  powder.  The 
output  was  1,000  tons  a  day. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
BuU.  341,  1909,  p.  330. 

HUERFANO  COUNTY. 

Oakview.    Oakdale  Mine. 

iSompt^.— Bituminous  coal;  Trinidad  field;  analyses  Nos.  13526,  13527,  13528,  and 
13529  (p.  26). 

Mine. — Oakdale,  a  slope  and  drift  mine  in  the  La  Veta  district,  at  Oakview,  on  a 
spur  of  the  Denver  &,  Rio  Grande  Railroad,  7  miles  west  of  La  Veta. 

Coal  6«/.— Not  named.  Cretaceous  age,  Vermejo  formation.  Average  thickness, 
12  feet;  dip,  15^  W.;  cleat,  north  and  south.  Occasional  faults,  rolls  and  horsebacks 
are  encoimtered.  Roof,  shale,  overlain  by  sandstone;  floor,  soft  smooth  shaly  under- 
clay.  Particles  of  both  the  roof  and  floor  occasionally  mixed  with  the  coal  in 
mining.    Cover  at  points  of  sampling,  100  to  500  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  J.  C.  Roberta  on 
March  8,  1912,  as  described  below: 

Sections  of  coal  bed  in  Oakdale  mine. 


Section 

Laboratory  No 

Roof,  shale  and  sandstone. 

Coal 

Coal,  clean 

Natural  coke 

Floor,  shale. 

Tbicknefls  of  coal  mined. . 

Thickness  of  coal  sampled 


A 

B 

13526 

13527 

Ft.  in. 

Ft.  in. 

•  •    *  • 

(«) 

13  10 

•  •    •  • 

0  0 

•  •    •  • 

13  10 

0  0 

13  10 

0  0 

c 

13528 
Ft.  in. 

(•) 

^3     0 
3     0 

7     0 
3     0 


•  Not  metfored. 


b  Not  included  in  sample. 


Section  A  (sample  13526)  was  measured  at  the  face  of  room  11,  off  the  second  *  'cross, " 
off  the  main  entry. 

Section  B  (sample  13527)  was  measured  at  the  face  of  the  main  entry.  The  top  coal 
was  not  mined  in  advance  work  and  could  not  be  measured. 

"Action  C  (sample  13528)  was  measured  at  the  face  of  north  entry  4.  The  top  coal 
lot  mined  in  advance  work  and  could  not  be  measured. 
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A  c<»nposite  sample  was  made  by  combining  samples  13526  and  13527.  The 
ultimate  analysis  of  this  sample  is  given  under  laboratory  No.  13529. 

Notu, — ^The  mine  is  worked  on  the  room-and-pillar  panel  system.  At  the  time  of 
sampling  the  coal  was  undercut  in  the  coal  with  punching  machines  and  shot  down 
with  black  powder.  The  machine  cuttings  were  loaded  with  the  coal.  Twenty-five 
per  cent  of  the  coal  was  shipped  as  run-of-mine.  The  tipple  was  equipped  with  two 
shaking  screens  each  12  feet  long  by  5  feet  wide,  one  having  3-inch  and  the  other  1-inch 
holes,  and  a  revolving  screen  12  feet  long  with  f-inch  holes.  Forty  per  cent  of  the 
coal  passed  through  the  f-inch  screen.  No  pickers  were  employed  at  the  tipple. 
There  were  three  loading  tracks  with  a  capacity  of  20  empty  cars  and  30  loaded  cars. 
The  coal  had  an  excellent  appearance  and  the  lumps  were  large.  The  average  daily 
production  of  the  mine  was  1,200  tons,  with  a  maximum  capacity  of  1,800  tons.  All 
the  coal  was  from  advance  workings.    The  probable  life  of  the  mine  was  30  years. 

For  analjrses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  65,  435. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 

BuU.  381,  p.  419. 

JACKSON  COUNTY. 

COALHONT.      RiACH  MiNB. 

Sample, — Subbituminous  coal;  North  Park  field;  analysis  No.  12601  (p.  26). 

Mine, — ^Riach,  a  slope  mine  in  the  Coalmont  district,  in  the  NW.  J  of  SW.  J  sec.  24, 
T.  7  N.,  R.  81  W.;  at  Coalmont,  on  the  extension  of  the  Laramie,  Hahn's  Peak  & 
Pacific  Railway. 

Coal  bed. — Known  as  the  Riach.  Late  Cretaceous  or  early  Tertiary  age,  Coalmont 
formation.  Both  roof  and  floor  are  coal.  Thickness,  reported  77  feet;  dip,  18^  north- 
east. 

The  bed  was  sampled  at  one  point  in  the  mine  by  A.  L.  Beekly  on  August  18, 1911. 
The  sample  was  collected  from  the  north  breast  on  a  freshly  stripped,  fairly  dry  face, 
and  represents  7  feet  of  coal. 

Notes. — ^The  mine  had  a  capacity  of  about  800  tons  a  day.  A  considerable  part  of 
the  output  was  sold  for  domestic  use  in  the  park  and  in  various  towns  along  the  main 
line  of  the  Union  Pacific  Railroad. 

Coalmont.    Mitchell  Mine. 

Sample, — Subbituminous  coal;  North  Park  field;  analysis  No.  12539  (p.  26). 

If tn«.— Mitchell;  in  SW.  J  SE.  J  sec.  24,  T.  8  N.,  R.  82  W.;  8  miles  northwest  of 
Coalmont  and  15  miles  southwest  of  Walden. 

Coal  bed, — Mitchell.  Late  Cretaceous  or  early  Tertiary  age,  Coalmont  formation, 
The  bed  consists  of  an  upper  bench  8  feet  thick  separated  from  a  lower  2}-foot  bench 
by  10  inches  of  carbonaceous  shale.  The  shale  parting  is  used  as  the  floor  of  the  mine 
and  about  7  feet  of  the  upper  bench  is  mined,  the  upper  foot  being  left  for  roof.  Dip, 
11^  northeast.    Strike,  north  40^  west. 

The  bed  was  measured  and  sampled  by  A.  L.  Beekly  on  August  16, 1911,  as  described 

below: 

Section  of  coal  bed  in  the  Mitchell  mine. 


Laboratory  No 

Roof.  dark,  mkaoeoiis,  sandy  shale. 

Coal,  clean  and  black 

Coal,  soft  and  laminated 

Coal,  hard ,  black 

Shales  oarbonaoeods,  laminated. . 

Coal,  hard 

¥kwr  shale. 

ThioknesBofbed 

Thickness  of  coal  sampled 


12539 

Ft,iH. 

3   6 

2   6 

2   0 

a  0  10 

a2    4 

11    2 

8    0 


a  Not  incladed  in  sample. 
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The  sample  was  collected  in  the  entry,  275  feet  northeast  of  the  mine  mouth.  The 
mine  was  worked  intermittently. 

HlOHO.      MONAHAN  MiNE. 

Sample, — Subbituminous  coal;  North  Park  field;  analysis  No.  12540  (p.  26). 

lftn«.— Monahan,  in  the  SE.  {  SE.  i  sec.  31,  T.  10  N.,  R.  81  W^,  4  miles  northwest 
of  Higho  post  office  and  18  miles  northwest  of  Walden. 

Coal  bed, — ^Monahan.  Late  Cretaceous  or  early  Tertiary  age.  Thickness,  4  feet 
6  inches;  strike  N.  15®  W.;  dip,  22**  N.;  roof,  buff  shale;  floor,  sandstone. 

The  bed  was  sampled  at  one  point  in  the  mine  by  A.  L.  Beekly  on  August  3,  1911, 
the  sample  representing  4  feet  6  inches  of  coal. 

Notes. — ^The  sample  was  collected  from  the  face  of  the  entry,  which  was  125  feet 
long  and  was  on  the  dip  of  the  bed.    The  coal  at  the  face  was  hard,  black,  and  clean. 

Walden.    McGalluh  Mine. 

Sample, — Subbituminous  coal;  North  Park  field;  anal3rBis  No.  12774  (p.  26). 

Mine. — McOallum,  a  slope  mine;  McOallum  anticline  district,  NE.  \  NE.  }  sec. 
18,  T.  9  N.,  R.  78  W.;  about  5  miles  northeast  of  Walden.  » 

Coal  bed, — Sudduth.  Late  Cretaceous  or  early  Tertiary  age.  Base  of  Coalmont 
fcHrmation.  Thickness,  reported  35  feet;  strike,  north  50®  west;  dip,  18®  northeast. 
Both  roof  and  floor  are  coal. 

The  bed  was  sampled  by  A.  L.  Beekly  on  October  16,  1911. 

Notes. — The  sample  was  collected  from  a  fresh  face  in  the  entry,  50  feet  from  the 
foot  of  the  slope,  which  was  50  feet  long  and  dips  18°.  The  sample  represents  7  feet 
of  coal. 

Walden.    Marr  Mine. 

Sample. — Subbituminous  coal;  North  Park  field;  analysis  No.  12415  (p.  27). 

Mine. — Marr;  McCallum  anticline  district,  in  the  NW.  }  NE.  J  sec.  35,  T.  9  N., 
R.  78  W. ;  Si  miles  east  of  Walden. 

Coal  bed. — Sudduth.  Late  Cretaceous  or  early  Tertiary  age,  Coalmont  formation. 
The  bed  is  reported  to  be  53  feet  thick  and  to  consist  throughout  of  a  good  grade  of 
coal,  which  is  free  from  partings  except  for  several  1-inch  sandy  layers  near  the  top. 
Dip,  56®  east. 

The  bed  was  sampled  by  A.  L.  Beekly  on  June  27, 1911,  the  sample  representing  6 
feet  of  coal. 

Notes. — The  sample  was  collected  from  a  clean  surtiu^  just  inside  the  entry  mouth 
and  about  15  feet  from  the  top  of  the  bed.  Forty  feet  of  this  bed  is  exposed  in  an  open 
cut;  the  base  is  covered  and  inaccessible.  The  mine  consisted  of  two  entries;  both 
were  filled  with  water  at  the  time  of  sampling. 

Walden.    Sudduth  Mine. 

Sample. — Subbituminous  coal;  North  Park  field;  analysis  No.  12414  (p.  27). 

Mine. — Sudduth;  a  drift  mine  in  the  McCallum  anticline  district,  in  NW.  }  8W.  } 
sec.  15,  T.  9  N.,  R.  78  W.;  7i  miles  east  of  Walden. 

Coal  bed. — Sudduth.  Late  Cretaceous  or  early  Tertiary  ago,  Coalmont  formation. 
Thickness,  reported  50  feet;  dip,  85®  northeast. 

The  bed  was  sampled  by  A.  L.  Beekly  on  June  27,  1911. 

Notes. — ^The  mine  consisted  of  an  entry  or  room  driven  horizontally  about  70  feet 
into  the  bed.  The  coal  exposed  in  the  mine  was  clean,  hard,  and  glossy  black.  The 
■ample  was  collected  from  a  clean  face  at  the  end  of  the  entry  and  represents  20  feet 
of  coal. 


COLORADO:   JEFFERSON   COUNTY.  173 

Waldsn.    Winscoh  Minb. 

Sample, — Subbituminous  coal;  North  Park  field;  analysis  No.  12775  (p.  27). 

lfm«.— Winscom;  McCallum  anticline  district,  SW.  J  NE.  J  sec.  14,  T.  8  N., 
R.  78  W. ;  10}  miles  southeast  of  Walden. 

Coal  bed, — Winscom.    Late  Cretaceous  or  early  Tertiary  age,  Coalmont  formation. 
Roof,  coal;  floor,  shale.    Strike,  nearly  north  and  south.    Dip,  25^  to  30^  east. 

The  bed  was  measured  and  sampled  by  A.  L.  Beekly  on  October  16,  1911,  as 
described  below: 

Section  of  coal  bed  in  the  Winscom  mine. 


Laboratory  No 

Eoof,coaL 

Oay 

Coal 

Clay,  carbonaceous 

Kiale.  carbonaceous 

Coal.. 

Shale,  carbonaceous 

Coal -^ 

Floor,  carbonaceous  shale. 

Thickness  of  bed...- 

Thickneas  of  ooalsampled 


12776 
Ft,  in, 
aO    10 
0     4 
aO     3 

0  4 
aO      2 

1  0 
oQ     7 

0    11 

4      6 

2  7 


a  Not  included  in  sample. 
Notee, — Sample  was  collected  in  the  entry,  125  feet  from  the  mouth  of  the  mine. 

JEFFEBSON  COUNTY. 

Morrison.    Whtte  Ash  Mine. 

Sample, — Subbituminous  coal;  Denver  region;  analysis  No.  16615  (p.  27). 

JtftTu;.— White  Ash,  a  shaft  mine  in  sees.  23,  24,  25,  and  26,  T.  4  S.,  R.  70  W.,  2 mile, 
from  Morrison,  1  mile  from  Colorado  &  Southern  Railway  switch.    Not  on  any  railroads 

Coal  bed, — Jumbo.  Cretaceous  age,  Laramie  formation.  Average  thickness,  15 
feet;  dip,  86^.  No  rolls  or  horsebacks  have  been  encountered.  Roof  (hanging  wall), 
clay  3  inches  thick,  overlain  by  shale;  above  the  shale  is  a  sandstone  cap  rock. 
Small  particles  of  the  shale  gradually  break  off  on  exposure.  Floor  (foot  wall),  a  hard 
smooth  underclay .    Particles  of  the  floor  and  roof  did  not  mix  with  the  coal  in  loading. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  J.  0.  Roberts  on 
March  12,  1913,  as  described  below: 

Section  of  coal  bed  in  White  Ash  mine. 


LaboiBtory  No 

Root  clay  and  shale. 

Coal 

Cool 

Floor,  onderclay. 

Thickness  of  bed 

Thlekness  of  coal  sampled . 


16615 

Ft.  in, 

a5   6 

10   6 

16   0 
10    6 


a  Not  included  in  sample. 

Sample  16615  was  taken  in  a  stope,  30  feet  from  the  second  level  and  75  feet  from 
the  shaft. 

iVbtes.— At  the  time  of  sampling  the  coal  was  shot  off  the  solid  with  black  blasting 
powder.  The  coal  was  screened  through  a  bar  screen  10  feet  long  with  1-inch  open- 
ings, about  10  to  15  per  cent  passing  through  the  screen.  No  pickers  were  employed. 
The  coal  had  a  good  appearance  on  the  wagons.    The  area  to  be  mined  was  approxi- 
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mately  2  miles  long  on  the  strike.    The  output  in  the  immediate  future  was  to  be 
derived  from  advance  workings. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  381,  1910,  p.  297. 

LA  PLATA  COUNTT. 

DuRANQO.    San  Juan  Mine. 

Sample. — Bituminous  coal;  Durango  field;  analyses  Nos.  14770, 14771, 14772  (p.  27). 

Mine, — San  Juan,  a  drift  mine  1}  miles  southeast  of  Durango,  on  the  Rio  Grande 
Southern  Railroad. 

Coal  bed. — Not  named.  Cretaceous  age,  Mesaverde  formation.  Thickness,  3  feet 
6  inches  to  4  feet  10  inches,  average  about  4  feet.  About  the  middle  of  the  bed  is  a 
layer  of  bony  coal  2  inches  thick.  The  roof  is  a  soft  gray  shale,  which  slacks  on  ex- 
posure; above  the  shale  is  about  10  inches  of  bony  coal.  The  immediate  roof  sticks 
to  the  coal  and  often  falls  in  the  rooms.  The  floor  is  a  hard  rough  shale.  Cover  at 
points  of  sampling,  200  to  225  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  W.  D.  Schofield 
on  September  11,  1912,  as  described  below: 

/Sections  of  coal  bed  in  San  Juan  mine. 


SeotioQ 

laboratory  No 

Roof,  shale,  and  coal. 

Goal 

Bone,  to  shale 

Coal 

Floor,  black  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

14770     1 

Ft. 

in. 

I 

6 

oO 

1 

1 

0 

3 

1 

8 

0 

B 

14771 

Fl  In, 

4  3 
aO  2 

0  9 

6  a 

5  0 


a  Not  incladed  in  sample. 

Section  A  (sample  14770)  was  measured  at  the  face  of  the  main  entry,  1,200  feet  west 
of  the  mine  mouth. 

Section  B  (sample  14771)  was  measured  in  room  6,  off  the  first  dtp  entry  south,  300 
feet  from  the  mine  mouth. 

A  comiXMsite  sample  was  made  by  combining  and  mixing  samples  14770  and  14771. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14772. 

Notes. — ^The  coal  is  mined  by  the  room-and-pillar  system.  At  the  time  of  sampling 
the  coal  was  undercut  by  hand  and  shot  down  with  permissible  explosives.  Dyna- 
mite was  used  for  brushing  the  floor  and  roof.  The  undercuttings  were  loaded  out 
with  the  coal.  About  30  per  cent  of  the  output  was  shipped  as  run-of-mine.  Bar 
screens  30  feet  long  with  l^-inch  openings  were  used;  about  60  per  cent  of  the  coal 
passed  the  screen.  The  screenings  were  coked.  The  loading  track  had  a  capacity 
of  7  cars  and  the  ''empty"  track  25  car?.  The  daily  output  was  about  160  tons. 
About  one-half  of  the  output  was  from  advance  workings  and  one-half  from  pillars. 
There  was  about  140  acres  to  be  mined  from  this  opening. 

For  a  description  of  the  geologic  relatious  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  315, 1910,  p.  384. 

Hbspbrus.    Hesperus  Mine. 

Sample. — ^Bituminous  coal;  Durango  field;  analyses  Nos.  14773,  14774,  and  14775 
(p.  27). 

Mine. — Hesperus,  a  drift  mine  in  sec.  14,  T.  35  N.,  R.  11  W.,  at  Hesperus,  on  the 
Rio  Grande  Southern  Railroad. 
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Coal  bed. — Hesperus.  Cretaceous  age,  Mesaverde  formation.  Thickness,  4  feet  6 
inches  to  6  feet;  average,  about  5  feet.  About  2  feet  from  the  roof  is  an  irregular  shale 
parting.  The  immediate  roof  is  smooth  and  does  not  fall  in  the  rooms;  the  main 
cap  rock  is  2  inches  to  2  feet  above  the  coal.  The  floor  is  a  soft  smooth  day  which 
mixed  with  the  coal  in  loading.    Cover  at  points  ol  sampling,  about  100  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  W.  D.  Schofield, 
on  September  24, 1912,  as  described  below. 

Sectiom  of  coal  bed  in  Hesperus  mine. 

SectiGO A  B 

Laboratory  No 14773  14774 

Root,  "dnw  slate."  Ft.  in.  Ft,  in. 

Coal 2     2            2  1 

Shale, carbonaceous :...  «0      J  aO  1 

Coal 3     0            2  6 

Floor,  day. 

T^iiclmess  of  bed 5     2|           4  7 

Thicksess  of  coal  sampled 5     2            4  6 

o  Not  included  in  sample. 

Section  A  (sample  14773)  was  measured  at  the  face  of  room  3,  off  right  entry  4;  4,000 
feet  from  the  mine  mouth. 

Section  B  (sample  14774)  was  measured  in  room  5,  off  left  entry  5;  4,000  feet  west  of 
the  mine  mouth. 

A  composite  sample  was  made  by  combining  face  samples  14773  and  14774.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14775. 

Notes. — ^The  coal  is  mined  by  the  room-and-pillar  system.  At  the  time  of  sampling, 
the  coal  was  undercut  by  hand  and  broken  down  with  FF  black  blasting  powder. 
None  of  the  coal  was  shipped  as  run-of-mine.  Bar  screens  8  feet  long  with  3-inch  open- 
ings and  bar  screens  8  feet  long  with  1-inch  openings  were  used,  about  60  per  cent 
of  the  coal  passing  through  the  1-inch  screen.  There  were  three  loading  tracks  with 
a  capacity  of  20  loaded  cars  and  40  empty  cars.  The  daily  output  was  about  200  tons. 
About  60  per  cent  of  the  coal  was  from  advance  workings  and  40  per  cent  from  pillars. 
The  probable  lifetime  of  the  mine  is  20  years. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  67,  442. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull  316,  1907,  p.  386. 

Perins.    Perins  Peak  Mine. 

Sample. — Bituminous  (coking)  coal;  Durango  field;  analyses  Nos.  14776,  14777,  and 
14778  (p.  27). 

Mine. — Perins  Peak,  a  drift  mine  in  sees.  11  and  14,  T.  35  N.,  R.  10  W.,  at  Perins, 

5  miles  southeast  of  Durango,  on  a  branch  of  the  Rio  Grande  Southern  Railroad. 

Coal  bed. — Peacock.    Cretaceous  age,  Mesaverde  formation.    Thickness,  1  foot 

6  inches  to  6  feet  6  inches.  The  only  impurities  are  irregular  ''sulphur''  balls  in 
pockets.  The  immediate  roof  is  good  and  does  not  fall  in  the  rooms.  The  floor  is 
soft  and  hard  shale.  Particles  of  the  roof  and  floor  did  not  mix  with  the  coal  in  loading. 
Cover  at  points  of  sampling,  70  to  120  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  W.  D.  Schofield 
on  September  17, 1912. 

Sample  14776  was  cut  from  the  face  of  room  3,  off  the  main  entry,  3,200  feet  from 
the  mine  mouth.    The  sample  represents  5  feet  1  inch  of  clear  coal. 

Sample  14777  was  cut  from  the  face  of  room  13,  off  the  main  back  entry.  The 
■ample  represents  5  feet  5  inches  of  clear  coal. 
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A  composite  sample  was  made  by  combining  face  samples  14776  and  14777.  Tbe 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14778. 

Notes. — ^The  room-and-pillar  system  of  mining  is  used.  At  the  time  of  sampling 
the  coal  was  undercut  by  hand  and  broken  down  with  black  powder  and  a  permissible 
explosive.  Dynamite  was  used  for  brushing  the  floor  and  roof.  The  undercuttings 
were  loaded  with  the  coal.  Ninety-five  per  cent  of  the  coal  was  shipped  as  run-of- 
mine.  Ninety  per  cent  of  the  coal  going  to  the  screens  passed  through.  Two  bar 
screens,  one  being  16  feet  long  with  8-inch  openings  and  Uie  other  16  feet  long  with 
f-inch  openings,  were  used.  Pickers  were  employed  on  the  cars.  The  average  daily 
output  was  350  tons.  About  one-third  of  the  coal  was  from  advance  workings  and 
two-thirds  from  pillars.  There  was  possibly  160  acres  of  unmined  coal.  There  were 
three  loading  tracks,  with  a  ca))acity  of  20  loaded  cars  and  30  empty  cars. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  67,  443. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  316,  1907,  p.  386. 

LAS  ANIMAS  COT7NTT. 

COKBDALE.      COKEDALE  MiNE. 

Sample. — Bituminous  (coking)  coal;  Trinidad  field;  analyses  Nos.  11768,  11769, 
11770,  and  11771  (p.  28;. 

Mine, — Cokedale,  a  drift  mine  in  sec.  25,  T.  33  S.,  R.  65  W.,  at  Cokedale,  on  a 
branch  of  the  Denver  &  Rio  Grande  Railroad. 

Coal  bed. — Known  as  the  Cokedale.  Cretaceous  age,  Vermejo  formation.  Average 
thickness,  6  feet.    Roof,  sandstone;  floor,  shale.    Cover,  40  to  60  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  J.  C.  Roberts 
on  February  24,  1911,  as  described  below: 

Sections  of  coal  bed  in  the  Cokedale  mine. 


Seotiofi 

A. 

11768 
Ft.  in. 

2  4 
aO     2 

0  0 
aO     7 

2      3 

•  •         •  • 
■  •         •  • 

•  •          •  • 

6      1 
5      4 

B. 
11760 

Ft.    in. 
2     7 
0     5 
0     4 

al      2 
0      7 

aO      6 
0      4 

oO      1| 
0    10 

C. 

Laboratory  No 

11770 

Roof,  sandstone: 

Coal 

Ft.  in. 
2     6 

Bone 

0     7 

Coal 

0     7 

BcHie 

aO     3 

Coal 

2     3 

Bone 

Coal 

Bone 

Coal 

Floor,  shale: 

Tliickiiess  of  bed 

6      1 

ThlclnM«s  of  coal  sampled     ^    .                      . . x . 

5     3 

a  Not  Indaded  In  sample. 

Section  A  (sample  11768)  was  measured  at  the  face  of  room  8,  off  west  entry  4. 

Section  B  (sample  11769)  was  measured  at  the  face  of  room  21,  off  west  entry  1. 

Section  C  (sample  11770)  was  measured  at  the  face  of  room  10,  off  west  entry  6. 

A  composite  sample  was  made  by  combining  face  samples  11768,  11769,  and  11770. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11771. 

Notes. — ^At  the  time  of  sampling  the  output  was  1,200  tons  a  day. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  69,  447. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  381,  1910,  p.  399. 
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Dblaoua.    Delaqua  Mine. 

8ample.SitaxDmo[iB  (coking)  coal;  Trinidad  field;  analyses  Nos.  11435,  11436, 
11437,  and  11443  (p.  28). 

Mn«.— Delagua,  a  shaft  mine  in  sec.  15,  T.  31  S.,  R.  65  W.,  at  Delagua,  20  milee 
north  of  Trinidad,  on  the  Colorado  &  Southeasterly  Railway. 

Coal  bed. — Known  as  the  Delagua.  Cretaceous  or  Tertiary  age,  Raton  formation. 
Thickness,  5  feet  to  6  feet.  Roof,  shale  12  to  20  inches  thick.  Cover  at  points  of 
sampling,  450  to  500  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  J.  C.  Roberts  on 
December  9,  1910,  as  described  below: 

Sections  of  coal  bed  in  the  Delagua  Mine. 


Section 

Laboratory  No 

Root,  shale. 

Coal 

Bone 

Coal 

Floor,  not  stated. 

Thiclmess  of  bed 

TbtelmeBB  of  ooal  sampled , 


A 

B 

11436 

11436 

Ft.  in. 

Ft.  in. 

2    10 

6     6 

2   4 

•  •        •  • 

•  •         •  • 

5     8 

6      6 

5     8 

6      6 

c 

11437 
Ft.    in, 

2  8 
aO       4 

2       8 


6 
6 


8 
4 


a  Not  included  in  sample. 

Section  A  (sample  11435)  was  measured  at  the  face  of  room  1,  east  entry  24,  off  north 
entry  3. 

Section  B  (sample  11436)  was  measured  at  the  face  of  east  entry  18,  off  north  entry  4. 

Section  C  (sample  11437)  was  measured  at  the  &ce  of  room  5,  west  entry  3,  off  north 
entry  4. 

A  composite  sample  was  made  by  combining  face  samples  11435, 11436,  and  11437. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11443. 

Notes, — ^At  the  time  of  sampling  the  output  was  1,000  lo  1,500  tons  a  day. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  69,  448. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  381,  p.  410. 

For  results  of  tests  of  other  coal  from  this  mine  see  mention  of  specific  tests  as 
follows— Washing  tests:  U.  S.  Geol.  Survey  Bull.  368,  p.  27;  coking  tests:  U.  S.  Geol. 
Survey  Bull.  368,  p.  39. 

Forbes.    Forbes  No.  9  (or  Cox)  Mine. 

Sample. — Bituminous  coal;  Trinidad  field;  analyses  Nos.  11926,  11927,  11929,  and 
11930  (pp.  28  and  29). 

Mine. — ^Forbes,  a  drift  mine  in  sees.  15  and  16,  T.  32  S.,  R.  64  W.,  at  Forbes,  on  a 
spur  of  the  Denver  &  Rio  Grande  Railroad. 

Coal  bed. — ^Walsen.  Cretaceous  age,  Vermejo  formation.  Average  thickness  about 
4  feet;  dip  1^  southwest.  One  fault  showing  a  displacement  of  3  feet  has  been  found. 
The  roof  is  a  hard,  smooth,  dark-gray  shale,  overlain  by  sandstone.  The  floor  is  a  thin, 
hard,  smooth  shale,  underlain  by  18  inches  of  coal;  beneath  the  coal  is  shale.  Cover 
at  points  of  sampling,  300  to  400  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  J.  C.  Roberts  on 
March  16,  1911. 

Sample  11926  was  cut  from  the  face  of  the  first  crosscut,  off  west  entry  1;  2,800  feet 
southwest  of  the  slope  opening.    The  sample  represents  4  feet  4  inches  of  clean  coal. 

Sample  11927  was  cut  from  the  feice  of  west  entry  6;  3,800  feet  southwest  of  the 
8k»pe  opening.    The  sample  represents  3  feet  9  inches  of  clean  coal. 
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Sample  11929  was  taken  in  room  6,  off  west  entry  4;  3,200  feet  southwest  of  the  slope 
opening.    The  sample  represents  3  feet  11  inches  of  clean  coal. 

A  composite  sample  was  made  by  combining  face  samples  11926,  11927,  and  11929. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11930. 

Notes. — The  room-and-pillar  system  of  mining  is  employed.  At  the  time  the  mine 
was  visited  the  coal  was  undercut  by  hand  and  broken  down  with  black  powder; 
"40  per  cent''  dynamite  was  used  for  brushing  the  roof  and  taking  up  the  bottom. 
Nearly  95  per  cent  of  the  coal  was  shipped  as  run-of-mine.  The  coal  was  friable, 
about  38  per  cent  passing  through  a  2-inch  screen.  Pickers  were  employed  on  the 
cars  in  loading.  There  were  three  loading  tracks,  with  a  capacity  of  30  empty  cars 
and  60  loaded  cars.  About  80  per  cent  of  the  coal  was  recovered ,  40  per  cent  being  from 
advance  workings  and  40  per  cent  from  pillar  workings.  The  daily  output  was  600 
to  700  tons. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 

Bull.  381,  1910,  p.  402. 

Habtinos.    Hastings  Mine. 

Sample. — Bituminous  (coking)  coal;  Raton  Mesa  field;  analyses  Nos.  12028,  12029, 
and  12031  (p.  29). 

Mine. — ^Hastings,  a  slope  mine  in  sec.  25,  T.  32  S.,  R.  64  W.,  at  Hastings,  on  the 
Colorado  &  Southeastern  Railroad,  with  connections  to  the  Colorado  k  Southern 
Railway  and  the  Denver  &  Rio  Grande  Railroad. 

Coal  bed. — Berwind  (?)  and  Hastings.    Cretaceous  age,  Vermejo  formation. 

The  Hastings  bed  averages  about  8  feet  in  thickness  and  dips  5^  west.  The  roof 
and  floor  are  shale.    Cover  at  points  of  sampling,  about  800  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  J.  C.  Roberts  on 
April  6,  1911,  as  described  below: 

Section  ofHoHings  bed  in  Hastings  mine. 


Laboratory  No 

Roof,  ahale. 

Coal 

Coal,  boDy 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thidmess  of  ooal  sampled . 


ixns 

Ft.  in. 

S  0 

ai  0 

3  6 

10  ft 

9  5 


a  Not  Included  In  sample. 

The  sample  was  measured  on  the  pillar  between  south  entries  7  and  8,  8,300  feet 
from  the  mouth  of  the  s  ope. 

Sample  12031  was  taken  in  south  entry  7,  at  the  fifth  oroescut,  8,200  feet  from  the 
mouth  of  the  slope. 

The  Berwind  (?)  bed  is  about  40  feet  below  the  Hastings.  The  roof  is  sandstone; 
it  is  smooth  and  does  not  adhere  to  the  coal  in  mining.  The  floor  is  a  hard,  smooth 
sandstone.    The  cover  is  800  feet  thick. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  J.  C.  Roberts  on 
April  6,  1911,  as  described  below: 

SecUon  of  Berwind  (f )  bed  in  Hastings  mine. 


Laboratory  No 

Roof,  saodstooe. 

Coal , 

Coal,  bony 

Coal 

Coal,  bony 

Coal 

Coal,  bony 

Coal 

Floor,  sandstone. 

ThIoknessofbed 

Thlekness  of  ooal  sampled 


19029 

Ft.  in. 

1  0 

0  1 

0  6 

0  1 

0  6 

0  1 

9  10 

6  I 

6  1 
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The  above  section  (sample  12029)  was  measured  at  the  face  of  the  slope. 

Notes. — ^The  double  entry,  room-and-pillar  s3rBtem  of  mining  is  used.  At  the  time 
of  sampling,  the  coal  was  undercut  with  electric  chain  cutters  and  shot  down  with  a 
permissible  explosive. 

None  of  the  coal  was  sold  as  run-of-mine.  The  coal  was  screened  over  a  2f-inch 
bar  screen,  about  50  per  cent  passing  through  the  screen.  The  screenings  were  washed 
with  Stewart  jigs  and  yielded  a  2-inch  product  and  slack.  The  capacity  of  the  washery 
was  400  tons  a  day.  There  were  coke  ovens  with  a  capacity  of  300  tons  and  storage 
bins  with  a  capacity  of  500  tons.  There  were  two  loading  tracks  capable  of  handling 
150  empty  and  150  loaded  cars. 

The  capacity  of  the  mine  was  1,000  tons  a  day.  There  was  640  acres  of  unmined 
coal  tributary  to  the  main  entry. 

For  results  of  tests  of  other  coal  from  this  mine,  see  mention  of  specific  tests,  as 
follows:  Washing  tests,  U.  S.  Geol.  Survey  Bull.  368,  p.  27;  coking  tests,  U.  S.  Geol. 
Survey  Bull.  368,  p.  45. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  69,  449. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
BuU.  381,  1910,  p.  404. 

MORLEY.      MORLEY  MiNE. 

Sample. — BiCuminous  (coking)  coal;  Trinidad  field;  analyses  Nos.  13361,  13362, 
13363,  and  13364  (p.  29). 

Mine. — Morley,  a  drift  and  slope  mine  at  Morley,  on  the  main  line  of  the  Atchison, 
Topeka  d;  Santa  Fe  Railway. 

Coal  bed. — Known  as  the  Engle-Starkville.  Cretaceous  age,  Vermejo  formation. 
Average  thickness,  4  to  7  feet;  dip,  15^  to  18^  west.  The  roof  is  a  shale  about  18 
inches  thick;  above  the  shale  is  sandstone.  Floor,  shale  or  sandstone.  Particles 
from  the  roof  and  floor  did  not  mix  with  the  coal  in  mining.  The  cover  at  points  of 
sampling  ranges  from  250  to  450  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mme  by  J.  C.  Roberts 
on  February  17, 1912,  as  described  below: 

Sections  of  coal  bed  in  Morley  mine. 


SeetioD 

Laboratory  No 

Ro(rf^  18  inches  of  coal  l«ft  for  safety;  shale  and  sandstone  above. 

Coal 

Shale,  soft 

Coal 

Floor,  shale  and  sandstone. 

Thicknefls  of  coal  mined , 

Thickness  of  coal  sampled 


A 

B 

13361 

133«2 

Ft.  in. 

Ft.  in. 

2     0 

0    11 

0     2 

0     1 

3      1 

5      1 

5      3 

«     1 

6     3 

6      1 

c 

13363 
Ft.  in, 
5     1 


5     1 
5     1 


Section  A  (sample  13361)  was  measured  at  the  face  of  room  2,  o£F  third  plane,  off 
right  entry  4.    . 

Section  B  (sample  13362)  was  measured  at  the  face  of  fifth  left  entry. 

Section  C  (sample  13363)  was  measured  at  the  face  of  fourth  right  entry;  3,000  feet 
from  the  mine  mouth. 

A  composite  sample  was  made  by  combining  and  mixing  btce  samples  13361, 13362, 
and  13363.  The  results  of  an  ultimate  analysis  of  this  sample  are  given  imder  labora^ 
tory  No.  13364. 

Notes. — ^The  Morley  mine  is  opened  on  the  east  side  by  a  drift  and  on  the  west 
side  by  a  slope.  The  room-and-pillar  system  of  mining  is  used.  At  the  time  of  sam- 
pling the  coal  was  undercut  by  hand  and  broken  down  with  a  permissible  explosive, 
which  was  also  used  for  brushing  the  roof.    Seventy-five  per  cent  of  the  coal  was 
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shipped  as  run-of-iiiiiie,  aad  25  per  cent  was  screened.  Shaker  maneoB,  16  feet  long 
by  6  feet  wide,  with  3-inch  and  l^inch  holes  were  used;  60  per  cent  passed  throng 
the  screens.  Pickers  were  employed  in  loading  screened  coal  on  the  cars.  The 
lumps  were  of  medium  size  and  of  good  appearance.  The  screenings  were  coked; 
they  were  not  washed  before  c<^dng.  There  was  no  storage  bin  at  this  mine. 
There  were  two  tracks,  with  a  capacity  of  45  empty  and  45  loaded  cars.  The 
probable  lifetime  of  the  mine  is  about  25  years. 

Far  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  69,  450. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
BuU.  381,  1910,  p.  424. 

Prdiero.     First  East,  First  West,  and  First  North  Primbro  Mines. 

^amp^.— Bituminous  coal;  Trinidad  field;  analyses  Nos.  12025,  12027,  W31033 
to  W31043, 14058,  14059,  14060,  W31131  to  W31151  (pp.  29-32). 

Mines. — First  East,  First  West,  and  First  North  Primero,  drift  mines,  in  sees.  23, 
24,  25,  and  26,  T.  33  S.,  R.  66  W.,  at  Primero,  on  the  Colorado  &  Wyoming  Railway. 

Coal  bed. — Primero.  Cretaceous  or  Tertiary  age,  Raton  formation.  Average  thick- 
ness, 7  feet;  dip,  4^  northwest.  Faults,  rolls,  and  horsebacks  are  frequent.  The  roof 
is  a  hard  black  shale;  above  the  shale  is  a  sandstone  cap  rock.  Particles  of  the  shale 
mix  with  the  coal  in  mining.  The  floor  is  a  soft  smooth  shale,  particles  of  which 
occasionally  mix  with  the  coal  in  mining.  The  cover  at  points  of  sampling  to  ranges 
from  50  to  500  feet  at  the  First  West  mine;  from  500  to  550  feet  at  the  First  North 
mine;  and  from  600  to  850  feet  at  the  First  East  mine. 

The  bed  was  measured  and  sampled  at  16  points  in  the  mine  as  follows:  2  points 
on  March  25,  1911,  by  J.  C.  Roberta;  5  points  in  the  First  West  Primero  mine  on 
May  16, 1912;  3  points  in  the  First  North  Primero  mine  on  May  19, 1912;  and  6  points 
in  the  First  East  Primero  mine  on  May  19,  1912,  by  J.  C.  Roberts  and  W.  D.  Scho- 
field;  also  9  sets  of  duplicate  samples  were  taken  from  cars  that  were  being  loaded 
on  May  16  to  19,  inclusive,  1912,  as  described  below: 

Sample  12025  was  cut  from  the  face  of  room  1,  off  the  second  blind  back  entry.  The 
bed  at  this  point  was  5  feet  10  inches  thick,  all  of  which  was  included  in  the  sample. 

Sample  12027  was  cut  from  the  face  of  the  first  west  slope,  1,500  feet  from  the  drift 
mouth. 

Sections  of  coal  bed  in  First  East  Primero  mine. 


Bectkm 

A 

W3n44 

Ft.    in. 

0  n 

0  i 

1  0 
0      i 

•  •        •  • 

8     1 

5  1 

6  1 

B 

W31146 

FL    in. 

0     9 

0  i 

3    10 

•  •        •  • 

0   li 

1  8 

*  6     5 
6     5 

c 

Laboretory  No 

W81146 

Roof, ' '  draw  slate ''  and  sandstone.                                                    ^ 
Coal 

J^    in. 
1     0 

Shale 

?  4 

Coal 

Shale 

Natural  coke 

0     1 

Coal 

8     7 

Floor,  shato. 

ThicknesB  of  bed 

5    11 

Thickoem  of  «n*l  jpampled ,.,..,.,.,,., , 

6    11 

Section  A  (sample  W  31 144)  was  measured  on  a  pillar  of  room  5,  off  entry  B-9,  off 
first  blind  entry. 

Section  B  (sample  W31145)  was  measured  on  a  chain  pillar  of  east  entry  B-9. 

Section  C  (sample  W31146)  was  measured  at  the  face  of  room  4,  off  east  entry  B-10. 

Sample  W31143  was  measured  on  a  pillar  of  right  entry  6,  between  rooms  1  and  2, 
off  third  blind  entry,  off  entry  B-8.  The  bed  measured  6  feet  1  inch  at  this  point, 
all  of  which  was  included  in  the  sample. 
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Sample  W31147  was  measured  at  the  face  of  room  3,  off  eleventh  east  entry.  The  bed 
measured  7  feet  4  inches  at  this  point,  all  of  which  was  included  in  the  sample. 

Sample  W31149  was  measured  on  a  chain  pillar  of  third  blind  entry,  off  east  entry 
B-10  The  bed  measured  7  feet  at  this  point,  all  of  which  was  included  in  the 
sample. 

A  ccnnposite  sample  was  made  by  mixing  face  samples  ^^31143,  W31144,  W31145, 
W31146,  W31147,  and  W31149.  The  results  of  an  ultimate  analysis  of  this  sample  are 
g:iven  under  laboratory  No.  14060. 

Sections  of  coal  bed  in  First  North  Primero  mine. 


Swtioii 

LftboratoryNo 

Roof, "  draw  slate"  and  sandstone. 

Coal 

Bone 

Coal 

Bone  or  "sulphur'' 

Coal 

Shale 

Coal 

Bone 

Coal 

Floor,  underclay : 

Thi^meflB  of  bed 

Thickness  of  coal  sampled 


A 

B 

W31148 

W311fi0 

Ft.    in. 

Ft.    in. 

0      4 

•  •            •  • 

0      1 

0      6 

1    11 

2     0 

0      i 

•  0      1 

0     2 

•  •         •  • 

0       J 

•  •        •  • 

2     8 

2     2 

0      i 

2      8 

2   4 

7    11 

7     0 

7    11 

6    11 

c 

W311M 
Ft.    in. 


3     6 
oO     1) 


3     7i 

1     2 
7       I 


o  Not  included  in  sample. 

Section  A  (sample  W31148)  was  measured  at  the  face  of  room  5,  off  third  back 
entry,  off  entry  A-12. 

Section  B  (sample  W31150)  was  measured  on  a  pillar  of  room  7,  off  entry  A-12. 

Section  C  (sample  W31151)  was  measured  at  the  face  of  entry  B-9. 

A  composite  sample  was  made  by  combining  face  samples  31148,  31150,  and  31151. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14059. 


SectioTis  of  coal  bed  in  First  West  Primero 

mine. 

• 

Seedoo 

A 

W31039 

Ft.  in. 

0     8 

0      i 

0  8 
aO      Ih 

1  7 
aO      2 

•  •         •  • 

•  •         •  • 
■  •         •  • 

1     6 

4      9 
4      5J 

B 
W31040 
Ft.  in. 
2     5 
0     1 
0     1 
0      h 

0     6 

0      i 

0  8 

*6  'i 

1  5 

5     4 
5     4 

c 

W31041 
Ft.  in. 

'o  ii 

•  »        •  • 

aO      2 

3  8 

4  9 
4      7 

D 
W31042 
Ft.  in. 

'i     24 
aO     4t 

•  •         •  • 

2     5 

5     0 
4     71 

E 

Laboratoiy  No 

W31043 

Roof,  8an<ut<me  and  "draw  slate." 

Coftl 

Ft. 

in. 

Bone 

Coal 

Bone,  "sulnhur"  band 

Coal 

Shale 

Coal 

2    10 

Natural  coke 

8haUt r--,   .r T  -   r T  r 

•  •         •  • 

0     1 

Coal 

2     1 

Floor,  elay  and  sandstone. 

TnicdmesB  of  bed 

5     0 

Thlckn«w  of  coal  f?ampled 

5     0 

a  Not  Included  in  sample. 

Section  A  (sample  W31039)  was  measured  at  the  face  of  north  entry  2. 

Section  B  (sample  W31040)  was  measured  at  the  face  of  room  10,  off  first  north  entry. 

Section  C  (sample  W31041 )  was  measured  at  the  iace  of  room  9,  off  second  south  entry. 

Section  D  (sample  W31042)  was  measured  at  the  foce  of  room  5,  off  first  right  entry, 
off  tiie  first  west  air  course. 

Section  E  (sample  W31043)  was  measured  at  the  fiice  of  room  17,  off  second  right 
entry,  off  the  first  west  air  course. 

A  composite  sample  was  made  by  combining  and  mixing  face  samples 31039  to  31043, 
inclusive.  The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  labors^ 
tory  No.  inm. 
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Nine  samples  were  taken  in  duplicate  at  the  mine  from  the  cars  while  being  loaded. 
Fifty  pounds  of  coal  was  taken  from  each  of  four  cars.  The  four  lots  were  combined, 
quartered,  and  sampled  in  duplicate. 

Duplicate  samples  W31033  and  W31034,  W31036  and  W31036,  W31131  and  W31132, 
W31133  and  W31134,  W31135  and  W31136,  W31137  and  W31138,  and  W31141  and 
W31142,  were  taken  from  four  cars;  duplicate  samples  W31139  and  W31140  were 
taken  from  one  car  only;  29  cars  being  sampled  in  all. 

Notes. — The  Primero  mines  are  worked  on  the  room-and-piUar  system.  At  the 
time  of  sampling  the  coal  was  undercut  by  hand.  Permissible  explosives  were  used 
for  breaking  down  the  coal  and  for  brushing  the  floor  and  roof.  When  the  mine  was 
sampled  in  1912,  all  the  coal  was  shipped  as  run-of-mine,  but  when  screened,  65  per 
cent  of  the  coal  passed  through.  The  screens  were  bars  18  feet  long  spaced  1^  inches 
apart.  The  screenings  were  washed  and  coked  at  Segundo,  the  capacity  of  the  coking 
plant  being  1,300  tons  a  day  and  the  capacity  of  the  washery  1,600  tons  a  day.  Pickers 
were  employed  on  the  cars.  The  lumps  on  the  cars  were  of  medium  size  and  of  good 
appearance.  There  were  four  loading  tracks  with  a  capacity  of  80  empty  and  80 
loaded  cars.  The  daily  average  output  was  1,200  tons  of  coal  with  a  capacity  of 
1,600  tons.  Seventy-five  per  cent  of  the  output  was  from  pillars  and  25  per  cent  from 
advance  workings.    The  probable  lifetime  of  the  mine  was  25  years. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  69-70, 450-451. 

For  results  of  tests  of  coal  from  this  mine  see  mention  of  specific  tests  as  follows — 
Washing  tests:  Bureau  of  Mines  Bull.  5,  p.  32;  coking  tests:  Bureau  of  Mines  Bull.  5, 
p.  44. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  381,  1910,  p.  426. 

Starkville.    Starkville  Mine. 

Sample. — ^Bituminous  (coking)  coal;  Trinidad  field;  analyses  Nos.  11134,  11135, 
12196, 12197,  and  12198  (p.  32). 

MiTu. — Starkville,  a  drift  mine  at  Starkville,  on  the  main  line  of  the  Atchison, 
Topeka  &  Santa  t^e  Kailway . 

Coal  bed. — ^Engle-Starkville.  Cretaceous  age,  Vermejo  formation.  Average  thick- 
ness, 6  feet;  dip  1^  southwest.  Boof,  smooth  shale  overlain  by  sandstone;  floor,  hard 
rough  shale;  cover,  at  points  of  sampling,  150  to  550  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  H.  M.  Wolflin 
(Nos.  11134  and  11135)  on  October  20,  1910,  and  at  two  points  by  J.  C.  Roberta  (Nos. 
12196  and  12197)  on  May  9, 1911,  as  described  below: 

Sections  of  coal  bed  in  Starkville  mine. 


BeotkMi 

Labormtory  No 

Roof,  ahale  and  auidstooe. 

Bone 

Coal,  clean  and  bright — 

Shale 

Coal,  dean 

Coal,  hard  and  bright 

Coal,  dean 

Bone. 

Coal,  dean 

Bone. 

Coal,  bright 

Bone. 

Shale 

Coal,  dean 

Floor,  ahale. 

ThickDees  of  bed 

ThlokDesi  of  coal  nmpled 


D 
12197 
FL  in, 

b  io 


•  0 
0 
0 
1 

«0 


5 
4 


8 
7 
2 
9 
3 


0    10 


1 
3 


«  Not  Indoded  in  8anq;>le. 
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Section  A  (sample  11134)  was  measured  on  the  rib  of  west  entry  8,  30  feet  outby 
Blantfrom  new  entry. 

Section  6  (sample  11135)  was  measured  in  south  entry  3  near  the  second  crosscut 
from  the  new  entry. 

Section  0  (sample  12196)  was  measured  in  entry  1-5  on  the  pillar  between  rooms  26 
and  27, 15,000  feet  southwest  of  the  opening. 

Section  D  (sample  12197)  was  measured  at  the  face  of  south  entry  1,  1,200  feet 
southeast  of  the  mouth  of  the  main  drift. 

A  composite  sample  was  made  from  hce  samples  12196  and  12197.  The  results  of 
an  ultimate  analysis  of  this  sample  are  given  under  Laboratory  No.  12198. 

Notes, — ^The  room-and-pillar  system  of  mining  is  used.  At  the  time  of  sampling 
the  coal  was  undercut  by  hand;  no  explosives  were  used  for  breaking  down  the  coal. 
A  laige  part  of  the  output  was  sold  as  run-of-mine.  About  70  per  cent  of  the  coal 
going  to  the  screens  passed  through  a  2i-inch  bar  screen;  pickers  were  employed  on 
the  cars.  The  screenings  were  washed;  the  capacity  of  the  washery  was  700  tons  a 
day;  coke  ovens,  600  tons;  storage  bins,  1,400  tons.  There  were  three  loading  tracks 
with  a  capacity  of  70  empty  and  70  loaded  cars. 

The  average  output  was  900  tons  a  day ;  unmined  area,  640  acres. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bidl.  381,  1910,  p.  396. 

TOLLERBURG.      TOLLER  MiNE. 

SmnpU. — Bituminous  coal;  Trinidad  field;  analyses  Nos.  13253  and  13254  (p.  32). 

Mine. — Toller,  a  shaft  mine  near  Tollerburg,  on  a  spur  of  the  Colorado  &  Southern 
Railway. 

Coal  bed, — ^Berwind.  Cretaceous  age,  Vermejo  formation.  Average  thickness,  6 
feet;  dip,  4  to  5  per  cent,  southwest;  cleat,  east,  and  west.  Faults,  rolls  and  horse- 
backs occur  frequently.  The  roof  is  a  hard  shale  which  in  places  is  full  of  slips. 
Above  this  shale  is  15  inches  of  good  quality  of  roof  coal;  above  the  roof  coal  is  a  cap 
rock,  the  cap  rock  being  5  to  6  feet  above  the  coal  mined.  The  floor  is  a  soft  smooth 
sandstone.  Neither  the  roof  nor  floor  materials  mixed  with  the  coal  in  mining. 
Cover,  at  ix)ints  of  sampling,  400  to  450  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  J.  C.  Roberts  on 
January  8, 1912,  as  described  below: 

Sections  of  coal  bed  in  Toller  mine. 


Section 

Laboratory  No 

Roof,  shale. 

Coal,  dean 

B<ne 

Coal,  dean 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

13253     1 

Ft 

in. 

7 

0 

7 

•  * 

0 

7 

0 

B 

13354 

Ft.  in. 

1  3 

0  4 

5  5 

7  0 

7  0 


Section  A  (sample  13253)  was  measured  at  the  face  of  the  slope,  2,500  feet  from  the 
shaft  bottom. 

Section  B  (sample  13254)  was  measured  at  the  face  of  north  entry  5,  3,000  feet  from 
the  riiaft  bottom. 

Notes. — ^The  shaft  is  350  feet  deep.  The  coal  is  mined  by  the  room-and-pillar  system. 
At  the  time  of  sampling  the  coal  was  undercut  by  hand .  Permissible  explosives  were 
used  for  breaking  down  the  coal  and  for  brushing  the  roof  and  floor.  Ninety  per  cent 
of  the  coal  was  shipped  as  run-of-mine.  The  tipple  had  shaker  screens  15  feet  long 
by  5  feet  wide  with  3-inch  holes.    Pickers  were  employed  on  the  cars  in  loading. 

47664*'— Bull.  85—14 13 
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The  lumps  were  of  medium  size  and  had  a  good  appearance.    There  were  three  tracks 

with  a  capacity  of  30  empty  cars  and  25  loaded  cars.    The  average  daily  production 

was  700  tons,  with  a  capacity  of  900  tons.    Three-fourths  of  the  coal  was  horn  advance 

workings  and  one-fourUi  from  pillars.    About  400  acres  remain  to  be  mined. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 

Bull.  381, 1910,  p.  403. 

MESA  COUNTY. 

Grand  Junction.    Prospect. 

Sample. — ^Bituminous  coal;  Gimnison  Valley  field;  analyses  Nos.  11108  and  11109 
(p.  33). 

Mine. — ^Prospect,  near  the  junction  of  the  Grand  and  Gunnison  Riven  in  sec.  26, 
T.  1  S.,  R.  1  W.,  1  mile  south  of  Grand  Junction,  which  is  the  nearest  station  on  the 
Denver  &  Rio  Grande  Railroad. 

Coal  bed. — Unnamed.  Cretaceous  age,  Dakota  (?)  formation.  Thickness,  about  3 
feet.    Both  the  roof  and  floor  are  carbonaceous  shale.    Cover,  about  30  feet. 

The  bed  was  measured  and  samples  were  taken  at  one  point  in  the  mine  by  E.  G. 
Woodruff  on  October  20,  1910,  as  described  below: 

Sections  of  coal  bed  in  prospect  near  Orand  Junction. 


8«otlon 

Labontory  No 

Roof,  oarbanaoeous  shale. 

Coal 

Shale 

Coal 

Floor,  oarbanaoeous  shale. 

Tnlokness  of  bed 

ThJekness  of  coal  nmpled 


A 

lllOB     1 

FL 

in. 

I 

11 

aO 

1 

•  0 

10 

2 

10 

1 

11 

B 

moo 

FL    in, 

•  1    U 

aO      1 

0    10 

a  10 

0    10 


•  Not  iDoluded  In  sample^ 

The  above  samples  were  taken  in  the  entry,  about  125  feet  from  the  mouth  of  the 
entry.    At  the  time  the  samples  were  taken  the  prospect  was  not  being  worked. 

Note. — The  coal  is  hard  and  black  and  looks  like  good  coal,  but  contains  a  very  high 
percentage  of  ash. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 

BuU.  471, 1912,  p.  568.  ' 

Grand  Junction.    Pbospxct. 

Sample. — Subbituminous  coal;  Gunnison  Valley  region;  analyses  Nos.  11104  and 
11105  (p.  33). 

Ifine. — ^A  prospect  opening  between  Grand  Junction  and  White  Water,  in  sec.  5; 
T.  2  S.,  R.  1  E.,  5  miles  southeast  of  Grand  Junction,  which  is  the  nearest  station  on 
the  Denver  &  Rio  Grande  Railroad. 

Coal  bed. — ^Unnamed  bed.  Cretaceous  age,  Dakota(?)  formation.  Thickness, 
2  feet  6  inches.    Roof,  sandstone;  floor,  carbonaceous  shale. 

The  bed  was  measured  and  samples  were  taken  from  one  point  in  the  mine  by  E.  G. 
Woodruff  on  October  10, 1910,  as  described  below: 

Sectume  of  coal  bed  in  prospect,  6  mUes  south  of  Grand  Junction. 


Section , 

Laboratory  No 

Roof,  MUKUtOOO. 

Coal 

Shale,  gray 

Coal 

Floor,  carbonaoeons  shale. 

Thl^nen  of  bed 

Thickness  of  ooal  sampled 

0  Not  incloded  in  »m^ 
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Both  of  these  samples  were  taken  in  the  entry,  about  100  feet  from  the  mouth  of  the 
entry.    At  the  time  of  sampling  this  prospect  was  not  being  worked. 

For  a  description  of  the  gedogic  reladois  of  this  coal  bed  see  U.  S.  Geol.  Survey 
BuU.  471, 1910,  p.  569. 

MOFFAT  COUNTY. 
Axial.    Battlb  Era  Md^. 

Sample. — ^Bituminous  coal;  Danforth  Hills  field;  analysis  No.  14528  (p.  33). 

ifin«.— Battle  Era;  NW.  J  sec.  14,  T.  4  N.,  R.  94  W.;  in  Moigan  Gulch,  6  miles 
west  of  Axial,  59  miles  west  and  14  miles  south  of  the  terminus  of  the  Denver  &  Salt 
Lake  Railroad. 

Coal  bed. — ^No  name.    Cretaceous  age,  Mesaverde  formation.    Dip,  8|^  south. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  on  July  29, 1912,  by 
E.  T.  Hancock,  as  shown  below: 

Section  of  coal  bed  in  Battle  Era  mine. 


LabocBtofrNo 

RcN^  sandy  shale. 

Shale,  carbooaoeoas 

Coal 

Floor,  carbonaoeoas  shale. 

Thkkneas  of  bed 

Thfcinees  of  coal  sampled. 


14838 

Ft. 

<». 

2 

h 

•  0 

• 

8 

11* 

11 

6 

11 

0 

«  Not  fncladed  hi  sample. 

The  sample  was  taken  in  the  entry  130  feet  northeast  of  the  mine  mouth. 
For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  415,  1910,  p.  167. 

Axial.    Ed  Ck>LLOM  BiiNs. 

Sample. — ^Bituminous  coal;  Danforth  Hills  field;  analjrsis  No.  14529  (p.  33). 

Mme.— Ed  Collom;  SW.  J  sec.  13,  T.  4  N.,  R.  94  W.;  in  Collom  gulch,  5J  miles 
northwest  of  Axial,  14  miles  south  and  56  miles  west  of  the  terminus  of  the  Denver  A 
Salt  Lake  Railroad. 

Coal  bed. — No  name.  Cretaceous  age,  Mesaverde  formation.  Dip,  about  40^  south- 
west. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  £.  T.  Hancock  on 
July  29,  1912. 

The  sample  was  taken  in  the  mine  75  feet  northwest  of  the  mine  mouth. 

The  bed  was  13  feet  6  inches  thick  at  the  point  sampled,  all  of  which  was  included 
in  the  sample.  The  roof  was  shaly  sandstone,  the  floor  was  carbonaceous  shale.  The 
coal  was  mined  for  local  use  only. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  415, 1910,  p.  173. 

Axial.    Jamks  Minb. 

Sample. — ^Bituminous  coal;  Danforth  HiUs  field;  analysb  No.  12704  (p.  33). 

Mine.— Jsmee;  in  sec.  14,  T.  3  N.,  R.  93  W.;  on  SpniigCreek,4  miles  south  of  Axial, 
on  the  Meeker- Axial  stage  road. 

Coal  bed. — ^No  name.    Cretaceous  age;  Mesaverde  formation.    Dip,  13®  S.,  66®  E. 

The  bed  was  measured  and  sampled  on  October  9, 1911,  by  E.  T.  Hancock. 

The  sample  was  taken  in  the  main  entry  100  feet  north  of  the  mine  mouth,  in  6  feet 
4  inches  of  coal .    There  was  coal  above  the  part  sampled .    The  floor  was  brown  shale. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  79,  476. 
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For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.S.  Geol.  Survey  Bull. 
415, 1910,  p.  168. 

Axial.    Joe  Collom  Mine. 

Sample, — ^Bituminous  coal;  Danforth  Hills  field;  analysis  No.  14543  (p.  33). 

iftn«.— Joe  Collom;  SW.  J  NE.  Jsec.  2,  T.  3  N.,  R.  93  W.;  on  Spring  Creek,  1}  miles 
souih  of  Axial;  65  miles  north  of  the  Denver  &  Rio  Grande  Railroad. 

Coal  bed, — Collom.    Cretaceous  age;  Mesaverde  formation.    Dip,  3i®  S.,  29**  W. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  on  July  30,  1912,  by 
E.  T.  Hancock,  as  described  below: 

Section  of  coal  bed  measured  near  opening  of  Joe  Collom  mine. 


Laboratory  No 

Roof,  brown  shale. 

Coal 

Bhala,  brown,  sandy 

Coal 

Coal 

Floor,  brown  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


145a 

FL  in. 
a«  M 
00  S 
«4  4{ 
8    U 


ao     i 

8    11 


a  Not  Indaded  In  sample. 

Only  8  feet  11  inches  of  the  lower  bench  of  the  coal  bed  was  exposed  in  the  mine. 
Only  that  portion  was  sampled.  The  sample  was  taken  400  feet  northwest  of  the  mine 
mouth. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull  .22, 
Bureau  of  Mines,  1913,  pp.  79,  476. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Oeol.  Survey 
Bull.  415,  1910,  p.  167. 

Axial.    Shafer  Mink. 

Sample. — Bituminous  coal;  Danforth  Hills  field;  analysis  No.  14909  (p.  33). 

Jl/tn«.-- Shafer;  sec.  31,  T.  4  N.,  R.  92  W.;  on  Milk  Creek,  2  miles  east  of  Axial,  60 
miles  west  and  16  miles  south  of  the  western  terminus  of  the  Denver  &  Salt  Lake 
Railroad. 

Coal  bed. — ^No  name.    Cretaceous  age;  Mesaverde  formation.    Dip,  34®  S.,  60®  E. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  on  October  11, 1912,  by 
£.  T.  Hancock,  as  shown  below : 

Section  of  coal  bed  in  Shafer  mine. 


Laboratory  No 

Roof,  brown  shale. 

Coal 

Coal,lmpare 

Coal..... 

Shale,  black,  carbonaceous  (3  inches). 
FloOT.  brown  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


14W9 

Ft.  in. 

9   6 

0   6 

3    0 


13    0 
13    0 


The  sample  was  taken  in  the  mine  189  feet  northeast  of  the  mine  mouth. 
For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  8.  Geol.  Survey 
Bull.  415,  p.  170. 

Craiq.    Walker  Mine. 

Sample. — Subbituminous  coal;  Yampa  field;  analysis  No.  12400  (p.  33). 
Mine.— Walker;  sec.  17,  T.  6  N.,  R.  90  W.;  about  3  miles  southeast  of  Craig,  not  on 
any  railroad. 
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Coal  bed, — Unnamed.  Cretaceous  age,  Meeaverde  fonnation.  The'  coal  is  8  feet 
thick  and  very  free  from  foreign  matter.  The  bed  was  sampled  at  one  point  in  the 
mine  by  A.  J.  Hazelwood  on  Jime  20,  1911. 

The  sample  was  cut  from  the  face  of  the  main  entry,  300  feet  west  of  the  opening. 

Notes. — ^The  Walker  mine  is  an  old  country  bank  and  had  been  in  operation  20 
to  30  years.  At  the  time  of  sampling  the  coal  was  run  out  of  the  mine  in  cars  and 
dumped  into  wagons.  The  coal  was  used  entirely  for  domestic  purposes.  The  coal 
was  screened  in  the  mine  by  means  of  forks  and  the  fine  coal  was  left  in  the  gob.  It 
was  estimated  that  there  was  about  1,000  tons  of  slack  in  the  worked-over  parts  of  the 
mine.  About  one-fifth  of  the  coal  is  slack.  The  output  averaged  approximately 
20  tons  per  month.    There  was  1,000  acres  of  coal  tributary  to  this  opening. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
BuU.  297, 1906,  p.  02. 

MONTEZXJKA  COUNTY. 

COBTEZ.      CORTEZ  MiNE. 

Sample. — ^Bituminous  coal;  Ute  Mountain-Mancos  field;  analysis  No.  12785  (p.  33). 

lfin«.— Cortez;  NW.  i  sec.  23,  T.  36  N.,  R.  16  W.;  one-half  mile  west  of  Cortez. 
.  Coal  bed. — ^The  lowest  bed  in  the  Dakota  formation;  Cretaceous  age.  Dip  6^, 
northwest.  In  many  places  this  bed  is  about  2  feet  thick  and  exceeds  that  thickness 
only  locally.  The  coal  is  extremely  irregular  in  character,  and  sections  taken  only  a 
few  feet  apart  may  not  be  alike.  In  many  places  the  roof  is  sandstone,  at  other  places 
it  is  shale,  the  shale  is  only  a  few  inches,  scarcely  ever  over  1  foot  thick.  Sandstone 
lenses  interbedded  with  the  coal  are  not  unconmion. 

The  bed  ^as  measured  and  sampled  at  one  ix)int  in  the  mine  on  October  20,  1911. 
by  F.  M.  Handy  and  M.  A.  Pishel,  as  shown  below: 

Section  of  coal  bed  in  Cortez  mine. 


Laboratory  No 

Roof,  sandstone. 

Coal,  bony 

Clay. 

Shale 

Bone 

Coal,  bony 

Coal 

Bone 

Coal 

Bone 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


12785 

Ft. 

M. 

0 

6 

aO 

6 

aO 

llj 

aO 

4 

aO 

n 

0 

2 

aO 

2| 

0 

11 

aO 

6 

4 

H 

1 

7 

a  Not  included  In  sample. 

« 

Notei. — ^The  mine  is  small  and  is  worked  intermittently  for  local  trade.  No  one 
was  at  the  mine  at  the  time  the  sample  was  taken.  There  were  no  screens  at  the  mine ; 
the  entire  output  being  loaded  as  run-of-mine  coal.  The  sample  is  probably  slightly 
weathered. 

Cortez.    Hamilton  Prospbct. 

Sample. — Bituminous  coal;  Ute  Mountain-Mancos  field;  analysis  No.  12686  (p.  33). 

Iftn^.—Hamilton  prospect;  in  SE.  J  sec.  3,  T.  35  N.,  R.  18  W.,  16  miles  southwest 
of  Cortez. 

Coal  bed. — ^Unnamed  bed.  Cretaceous  age,  Dakota  formation.  The  bed  lies  nearly 
horizontal,  in  many  places  is  about  2  feet  thick  and  exceeds  that  thickness  only 
locally.  The  coal  is  extremely  irregular  in  character  and  sections  taken  only  a  few 
feet  apart  may  not  be  aUke.    The  roof  is  sandstone ;  at  places  the  sandstone  is  replacec 
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by  shale,  which  is  only  a  few  inches,  scarcely  ever  over  1  foot  thick.    It  is  not 
uncommon  to  find  sandstone  lenses  interbedded  with  the  coal. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  on  September  17, 
1911,  by  M.  A.  Fiahel,  as  shown  below: 

Section  of  coal  bed  in  HamUUm  proipectf  about  16  miUi  kouthweat  of  CorUz. 


LabontoryNo 

C«l , 

Bhale 

Bona 

Coal,  bony 

Bone 

Goal 

Bono 

Thickness  of  bed 

Thickness  of  coal  sampled . 


Ft,  In. 

0    • 
«0 
«0 

0 
«0 

0 
«0 

2 

1 


4 
7 
7 
1 
6 
1 
8 
7 


a  Not  faudnded  In  sample. 

The  sample  was  taken  near  the  surface  in  an  open  cut. 

Notes. — This  prospect  was  within  a  mile  of  an  igneous  sheet  and  it  is  probable  that 
this  sheet  extended  over  the  bed  only  a  short  distance  above  the  coal.  The  coal  at 
the  prospect  had  a  semimetallic  luster  resembling  semianthradte,  whereas  the  coal 
of  this  bed  in  the  neighborhood  of  Cortez  has  the  appearance  of  typical  bituminous 
coal.  It  is  probable  that  this  phenomenon  is  due  to  the  proximity  of  this  prospect 
to  the  igneous  sheet  referred  to  above. 

CoBTBz.    Jackson  Minb. 

Sample, — ^Bituminous  coal;  UteMountain-Mancos  field;  analyses  Nos.  16472, 16473, 
16474,  and  16475  (p.  34). 

Jrtn«.— Jackson,  a  drift  mine  in  the  8W.  i  NE.  \  sec.  33,  T.  35  N.,  R.  16  W.,  10 
miles  southeast  of  Cortez,  in  the  Mesa  Verde  National  Park.  There  are  no  railroad 
connections. 

Coal  bed, — ^Lower  bed  of  the  Mesaverde  formation,  possibly  the  Spencer  bed;  Cre- 
taceous age.  Average  thickness,  2  feet  8  inches;  dip,  2^  southwest;  cleat,  northeast 
and  southwest.  Faults,  rolls,  and  horsebacks  occur  frequently.  The  roof  is  a  hard 
blue  shale;  above  the  shale  is  a  sandstone  cap  rock.  Floor  is  hard  smooth  shale. 
Ck>ver  at  points  of  sampling,  30  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  J.  0.  Roberts 
on  February  13,  1913,  as  described  below: 

Sectiom  of  coal  bed  in  Jacleon  mine. 


Seotioo 

A 
16472 
Ft.    in. 
2     10 

•  •           •  • 

•  •           •  • 

2      10 
2      10 

B 
16473 
Ft.  in. 

2     7 

•  •         *  • 

•  •         •  • 

2      7 
2      7 

c 

Laboratory  No 

10474 

Roof,  sandstone. 

C<mX 

Ft,  ha. 
2     7 

ghal4^  fr"*!  jianditofie 

«!     8 

Coal 

al      0 

Floor,  shale. 

Tnlckness  of  b«d 

5      3 

Thlckmwf "f coal sampM , ,^  ...... . 

2      7 

a  Not  included  In  sample. 

Section  A  (sample  16472)  was  measured  at  the  face  of  room  4,  off  the  north  entry, 
200  feet  from  the  mine  mouth. 

Section  B  (sample  16473)  was  measured  at  the  face  of  the  main  entry,  170  feet 
north  of  the  mine  mouth. 
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Section  0  (sample  16474)  was  measured  at  the  face  of  the  south  entry,  95  feet  from 
the  mine  mouth. 

A  composite  sample  was  made  by  mixing  samples  16472,  16473,  and  16474.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  16475. 

JVbCes. — ^The  mine  is  worked  on  the  room-and-pillar  system.  At  the  time  of  sam- 
pling the  development  consisted  of  a  pair  of  entries  driven  slightly  north  of  east  with 
four  rooms  turned.  The  coal  was  undercut  by  hand  and  shot  down  with  black  blast- 
ing powder.  The  coal  was  screened  over  a  ''giizzley ''  with  wood  bars  2  inches  by 
4  inches  by  10  feet  long  spaced  three-fourths  inch  apart.  The  coal  was  used  entirely 
for  domestic  purposes.  The  daily  output  of  the  mine  was  1  ton.  Sixty  acres 
remained  to  be  mined  from  this  opening. 

CORTEZ.      MOWRT  MiNB. 

Sample. — Bituminous  (coking)  coal;  Durango  field;  analyses  Nos.  12586  and 
16479  (p.  34). 

Mine, — ^Mowry,  a  drift  mine,  1}  miles  southeast  of  Cortez,  no  railroad  connection. 

Coal  bed. — ^Unnamed  bed.  Cretaceous  age,  Dakota  formation.  The  bed  varies 
greatly  in  thickness  and  completely  pinches  out  a  quarter  of  a  mile  from  the  mine. 
The  bed  averages  about  2  feet  thick  and  exceeds  that  thickness  only  locally.  Dip, 
3^  northwest.  There  is  a  layer  of  bony  coal  in  the  lower  part  which  varies  from  2 
to  6  inches.  No  faults,  rolls,  or  horsebacks  have  been  encountered.  The  roof  is  a 
smooth  sandstone;  at  places  the  sandstone  is  replaced  by  shale.  The  floor  is  shale 
and  a  smooth  sandy  clay.  Particles  from  the  roof  and  floor  did  not  mix  with  the  coal 
in  mining.    Cover  at  point  of  sampling,  about  70  feet. 

The  bed  was  measiu*ed  and  sampled  at  one  point  in  the  mine  by  M.  A.  Pishel  on 
August  28, 1911,  and  at  one  point  by  J.  C.  Roberts  on  February  14, 1913,  as  described 
below: 

Sections  of  coal  bed  in  Mowry  mine. 


Beetioii. 

LaboTBtorr  No 

Roof,  sanastone. 

CoeL 

Bone 

Floor,  day  and  shato. 

ThtelnfiBM  of  bed 

ThiekzMBS  of  coal  tampled 


A 

12586 
Ft.  in. 
2     2 
aO      6 

2      8 
2     2 


B 
16470 
J^  In. 

1  9 

oo  f 

2  a 

1  9 


a  Not  included  in  sample. 

Section  A  (sample  12586)  was  taken  near  the  face,  75  feet  from  the  mine  mouth. 
Fine  streaks  of  bony  coal  were  interlaminated  with  the  coal  at  this  point. 

Section  B  (sample  16479)  was  taken  in  the  main  entry  100  feet  from  the  mine  mouth. 

Notes. — ^At  the  time  of  sampling  the  coal  was  blasted  off  the  solid  with  black  blasting 
powder.  The  coal  was  marketed  for  domestic  purposes  and  was  forked  and  dumped 
directly  into  the  wagons  for  delivery.    The  yearly  output  was  about  150  tons. 


Cortez.    Todd  Mine. 

Sample. — Bituminous  coal;  Durango  field;  analyses  Nos.  16476,  16477,  and  16478 
(p.  34). 

ifin«.— Todd,  a  drift  mine,  in  sec.  25,  T.  35  N.,  R.  16  W.,  in  the  Mesa  Verde 
National  Park,  about  7  miles  from  Cortez  and  19  miles  from  the  Bio  Grande  Southern 
Railroad. 

Coal  bed. — Lowest  bed  of  the  Mesaverde  formation.  Cretaceous  age.  Thickness,  2 
feet  6  inches  to  3  feet  6  inches.    The  bed  has  a  thin  persistent  parting  of  shale  one 
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fourth  inch  to  three-fourtha  inch  thick  near  the  middle.  Roof,  shale  of  poor  quality; 
above  the  shale  is  a  sandstone  cap  rock.  Floor,  hard  smooth  underclay.  Particles 
of  the  roof  and  floor  did  not  mix  with  the  coal  in  loading.  Cover  at  points  of  sampling, 
80  to  100  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  J.  C.  Roberts  on 
February  12,  1913,  as  described  below: 

Sections  of  coal  bed  in  the  Todd  mine. 


Section 

Laboffttorv  No 

Roof, ''draw  sUta". 

Coal 

Shale 

Coal 

Floor,  clay. 

Thidmenofbed 

Thioknefli  of  ooal  sampled 


A 

B 

16476 

16477 

Ft.     In. 

Ft.    In. 

1 
0 

J  1 

1     0 

1      8 

2    10 

3     0 

2    10 

S     0 

Section  A  (sample  16476)  was  measured  at  the  face  of  room  9. 

Section  B  (sample  16477)  was  measured  at  the  face  of  room  10. 

A  composite  sample  was  made  by  combining  face  samples  16476  and  16477.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  16478. 

Notes. — ^The  mine  is  worked  by  the  room-and-piUar  system.  At  the  time  of  sam- 
pling the  coal  was  undercut  and  mined  by  hand,  no  explosives  being  used.  The  un- 
dercuttings  were  thrown  into  the  gob.  The  coal  was  screened  over  bars  12  feet  long 
with  one-half-inch  openings  and  picked  as  it  was  being  loaded.  The  daily  output 
was  4  tons,  which  was  hauled  from  the  mine  in  wagons.  There  were  about  80  acres 
to  be  mined  from  this  opening. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  75,  467. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 

BuU.  316,  p.  389. 

Dolores.    Prospbct. 

Sample. — Bituminous  coal;  XJte  Mountain-Mancos  field;  analysis  No.  12551  (p.  35). 

Mine. — ^Unnamed  prospect  in  the  NE.  J  sec.  29,  T.  36  N.,  R.  15  W.,  11  miles  south  of 
Dolores. 

Coal  bed. — Unnamed  bed.  Cretaceous  age,  Dakota  formation.  Dip,  2®  northeast. 
In  many  places  this  bed  is  about  2  feet  thick  and  exceeds  that  thickness  only 
locally.  The  coal  is  extremely  irregular  in  character,  and  sections  taken  only  a  few 
feet  apart  may  not  be  alike.  The  roof  is  sandstone,  which  in  places  is  replaced  by 
ahale;  the  shale  is  only  a  few  inches,  scarcely  ever  over  1  foot  thick.  Sandstone 
lenses  interbedded  in  the  coal  are  not  uncommon. 

The  bed  was  meaeured  and  sampled  by  M.  A.  Pishel  on  August  18,  1911,  as  shown 

below: 

Section  of  coal  bed  in  prospect  entry  ^  11  miles  south  of  Dolores. 


Laboratory  No., 

Roof,  sandy  ahafe. 

doal 

Bbale 

Coal 

Bone 

Coal,  slightly  bony 

Bone 

Coal,  bony 

Bone 

Coal 

Bone 

Coal 

Bone  (14  feet). 
Floor,  not  stated. 

Thlclmessofbed 

Thickness  of  ooal  sampled 


13661 
Ft.    In. 
0     JJ 


0 
aO 

0 
oO 
aO 
aO 

0 
oO 

0 


4 
2 
10 
4 
8 
1 
9 
2 
4 


4      4 

2      Oi 


a  Not  included  in  sample. 
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Note. — ^The  prospect  apparently  had  not  been  worked  for  some  time  before  the 
sample  was  taken,  so  that  the  sample  is  probably  somewhat  weathered.  It  was  taken 
near  the  face  of  the  entry,  20  feet  from  the  mouth. 

Mangos.    Haller  Mine. 

Sample, — Bituminous  coal;  Durango  field;  analysis  No.  12504  (p.  35). 

ifin«.— Haller;  a  drift  mine  in  NE.  J  sec.  30,  T.  37  N.,  R.  13  W.,  6  miles  north  of 
Mancos. 

Coal  bed. — ^Unnamed  bed.  Cretaceous  age,  Dakota  formation.  Dip,  2^.  In  many 
places  this  bed  is  about  2  feet  thick  and  exceeds  that  thickness  only  locally.  The 
coal  is  extremely  irregular  in  character,  being  interlaminated  with  bone,  shale,  and 
sandstone  lenses,  and  sections  taken  only  a  few  feet  apart  may  not  be  alike.  In 
many  places  the  roof  is  sandstone,  at  others  it  is  shale;  the  latter  is  only  a  few 
inches,  scarcely  ever  over  1  foot  thick. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  on  July  31,  1911,  by 
M.  A.  Pishel,  as  shown  below: 

Section  of  coal  bed  in  Haller  mine. 


Labomtoiy  No 

Roof,  shale. 

c5oal 

Bone 

Coal 

Bone 

Coal 

Bone 

Coal .• 

FloOT.8bAle. 

Thjckness  of  bed 

Thickness  of  coal  sampled 


12504 

I 

Fl. 

in. 

0 

7 

oO 

6 

0 

8 

al 

2 

0 

5 

oO 

5 

0 

6 

3 

10 

1 

9 

a  Not  included  in  sample. 

The  sample  was  taken  in  the  entry,  about  50  feet  from  the  mine  mouth. 

Note. — 'The  mine  had  not  been  worked  for  at  least  six  months  previous  to  the  time 
this  sample  was  taken,  so  the  sample  is  probably  somewhat  weathered. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  75,467. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 

Bull.  316,  p.  387. 

Mangos.    Prospect. 

Sample. — Bituminous  coal;  Ute  Mountain-Mancos  field;  analysis  No.  12444  (p.  35). 

Location. — ^An  unnamed  prospect  in  NE.  }  sec.  21,  T.  36  N.,  R.  12  W.,  8  miles 
northeast  of  Mancos. 

Coal  bed. — ^Unnamed  bed.  Cretaceous  age,  Dakota  formation.  Dip  6}^  south. 
In  many  places  this  bed  is  about  2  feet  thick,  and  exceeds  that  thickness  only  locally. 
The  coal  is  extremely  irregular  in  character,  being  irregularly  interlaminated  with 
bone,  shale,  and  sandstone  lenses,  and  sections  taken  only  a  few  feet  apart  may  not 
be  alike.  In  many  places  sandstone  forms  the  roof,  at  others  it  is  shale;  the  latter 
is  a  few  inches  to  1  foot  thick. 

The  bed  was  measured  and  sampled  July  16, 1911,  by  M.  A.  Pishel,  as  shown  below: 

Section  of  coal  bed  in  prospect  entry  8  miles  northeast  of  Mancos. 


LaboratorvNo 

Rof^sandstone,  good. 

gbak> 

Coal 

Coal,  bony 

Bone 

Coal 

Shale 

Coal,  aUi^tly  bony 

Floor,  ahale. 

Tlilclaiess  of  bed 

Thickness  of  ooal  sampled ». 


13444 

Ft. 

in. 

aO 

2 

0 

6 

0 

8 

aO 

2 

0 

2 

aO 

24 

0 

3 

1 

81 

1 

2 

a  Not  included  in  sample. 
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Note.—Tbia  sample  was  taken  20  feet  from  mouth  of  entry.  The  coal  was  somewhat 
weathered  y  as  apparently  coal  had  not  heen  taken  out  of  the  prospect  for  at  least  one 
year.  This  bed  is  not  known  to  be  thicker  at  any  place  within  3  or  4  miles  of  this 
prospect. 

OT7BAY  COUNTY. 

RmowAT.    Lou  Orsbk  Mms. 

Sample, — ^Bituminous  coal;  Tongue  Mesa  field;  analysis  No.  12661  (p.  36). 

ifin€.— -Lou  Greek,  a  drift  mine  in  N£.  i  NE.  i  sec.  22,  T.  46  N.,  R.  7  W.,  10  miles 
northeast  of  Ridgway. 

Coal  bed. — ^Lou  Creek.  Cretaceous  age,  Mesaverde  formation.  The  character  of 
the  bed  outside  the  mine  is  not  known,  and  neither  top  nor  bottom  was  exposed.  The 
entry  was  run  in  on  the  coal,  which  appeared  to  be  at  least  20  feet  thick,  but  this  thick- 
ness may  be  due  in  part  to  crushing. 

The  bed  was  measured  and  sampled  by  W.  T.  Lee  on  September  12, 1911. 

The  sample  was  collected  from  the  lower  6  feet  of  the  bed  as  exposed  in  the  mine, 
600  feet  from  the  mouth  of  the  mine.  Very  little  coal  was  mined;  it  was  used  for 
local  purposes. 

BZO  BLANCO  COUNTY. 
Mbxkbr.    Black  Diamond  Mxnb. 

Sample. — Bituminous  coal;  Danforth  Hills  field;  analysis  No.  12776  (p.  36). 

ifi7i«.— Black  Diamond;  in  sec.  16,  T.  1 N.,  R.  94  W.;  1^  miles  northwest  of  Meeker, 
47  miles  north  of  the  Denver  &  Rio  Grande  Railroad. 

Coal  bed. — Lord.    Crotaceous  age,  Mesaverde  formation.    Thickness  at  least  14  feet. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  on  October  18,  1911, 
by  E.  T.  Hancock,  as  shown  below: 

Section  of  coal  bed  in  Blaek  Diamond  mine. 


LaboratoiyNo 

Sandstone. 

Goal 

Coal,  Btreaked  with  ahaie 

Coal 

Thiokneat  of  bench  mined . 

Thiokneaa  of  coal  sampled. 


13776 
Ft.  in. 

5  10 
0  4 
3      S 

6  5 
6      5 


There  was  coal  below  this  section.  The  sample  was  taken  in  the  mine  174  feet 
northeast  of  the  entrance. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine,  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  77,  471-472. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  416,  1910,  p.  163. 

MXBKBR.     COBNRlKa  MiNB. 

Sample. — Bituminous  coal;  Danforth  Hills  field;  analysis  No.  12696  (p.  36). 

J/»n«.— Oomrike  mine;  SW.  i  sec.  10,  T.  2  N.,  R.  93  W.;  10  miles  northeast  of 
Meeker;  64  miles  north  of  Rifle,  which  is  on  the  Denver  &  Rio  Grande  Railroad. 

Coal  bed. — No  name.  Cretaceous  age,  Mesaverde  formation.  Dip  20^  S.,  27^  E. 
Total  thickness  measured  outside  of  mine,  21  feet  7  inches. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  K.  T.  Hancock, 
on  October  6,  1911. 

The  sample  was  taken  in  the  mine,  30  feet  northeast  of  the  mine  mouth,  in  a  7-foot 
6>inch  bench  of  clean  coal.    There  was  coal  above  and  below  the  bench. 
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Notn. — For  a  deecription  of  the  coal  beds  in  this  township,  see  U.  S.  GeoL  Survey 
BuU.  416,  1910,  pp.  160-162. 

Meeker.    Fairfield  Mine. 

^oiTip^f.— Bituminous  coal;  Danforth  Hills  field;  analysis  No.  12518  (p.  35). 

Jftikf.— Fairfield;  SW.  J  sec.  28,  T.  1  N.,  R.  94  W.;  2i  miles  west  of  Meeker  and 
45  miles  north  of  the  Denver  &  Bio  Grande  Bailroad. 

CoaL  6«/.— No  name.    Cretaceous  age,  Mesaverde  formation.    Dip,  42**  N.,  67**  W. 

The  bed  was  measured  and  sampled  at  one  'point  in  the  mine  by  £.  T.  Hancock 
on  August  12,  1911,  as  shown  below: 

Section  of  coal  bed  in  Fairfield  mine. 


Laboratory  No 

Roof,  coal  (not  miiied). 

Coal 

Bone 

Goal 

Floor,  carbonaoeous  shale. 

ThickneaB  of  coal  mined . . 

ThictTWOfcoalgampled. 


12518 
Ft.  in. 

6  0 

aO  4 

0  4 

6  8 

6  4 


a  Excluded  lh>m  sample. 

The  sample  was  taken  in  the  mine,  300  feet  northeast  of  the  mine  mouth. 
For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  S.  Geol.  Survey 
Bull.  316,  1910,  p.  143. 

Meeker.     Meeker  Mine. 

Sample. — Bituminous  coal;  Danforth  Hills  field;  analysis  No.  12426  (p.  35). 

lfin«.— Meeker  NW.  }  sec.  22,  T.  1  N.,  R.  94  W.,  three-fourths  mile  northwest  of 
Meeker  and  46  miles  north  of  the  Denver  &  Rio  Grande  Railroad. 

Coal  bed. — Old  Pollard.    Cretaceous  age,  Mesaverde  formation.    Dip,  20®  NW. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  E.  T.  Hancock 
on  July  15, 1911. 

The  sample  was  taken  in  the  mine  about  500  feet  northeast  of  the  mine  mouth 
and  represents  6  feet  6  inches  of  coal.  There  was  sandstone  above  the  coal  and 
brown  shale  below  it. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
BuU.  316, 1910,  p.  151. 

Meeker.    Montgomery  Mine. 

Sample. — Bituminous  coal;  Danforth  Hills  field;  analysis  No.  12777  (p.  35). 

lfin«.— Montgomery;  SE.  J  NW.  J  sec.  29,  T.  1  N.,  R.  94  W.;  3  miles  west  of 
Meeker,  on  the  main  stage  road,  and  about  42  miles  north  of  the  Denver  &  Rio  Grande 
Railroad. 

Coal  bed. — No  name.  Cretaceous  age,  Mesaverde  formation.  Thickness,  7  feet 
6  inches.    Dip,  60^  NW. 

The  bed  was  measured  and  sampled  by  E.  T.  Hancock  on  October  18,  1911. 

The  sample  was  taken  in  the  mine  474  feet  northeast  of  the  mine  mouth,  in  7  feet 
6  inches  of  coal.    There  was  sandstone  above  the  coal  and  a  brown  shale  below  it. 

For  a  description  of  the  coal  beds  of  Meeker  Township  see  U.  S.  Geol.  Survey! 
BuU.  316,  1910,  pp.  141-160. 

Meeker.    Sulphur  Creek  Mine. 

Sample. — ^Bituminous  coal;  Danforth  Hills  field;  analysis  No.  12773  (p.  35). 

ifiVw.— Sulphur  Creek,  in  SE.  J  sec.  3,  T.  1  N.,  R.  94  W.,  on  Sulphur  Creek,  2} 
miles  north  of  Meeker  and  49  miles  north  of  the  Denver  &  Rio  Grande  Railroad.  No 
railroad  connections. 
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1^  Mfl  wair  mtMKf^A  ami  «Htt^(i»H  at  rtnft-  poiuc  in  dM-  iiiiii»  Hy  E.  T 

*%«  <>^Alwir  17,  liVl  I .  air  jihr>wn  Iv^lryw: 


Ovii 

(auX    

(yy$i  .^... 

<^f^  


Wf, 

■K. 

I 

♦ 

4 

i 

4 

1 

'9 

1 

I 

« 

c4 

1 

2 

H 

5 

» 

5 

71 

•  9(oi  kKteilMl  to 

T)m  iMft^  WM  tolum  in  th«  muie,  245  feet  north  of  tbe 
F<^  ta^ymm  ftnd  dMrrifHiofM  o«(  other  aunplea  «A  crml  frr>ai  thk  wSsat  see  B«IL  2^ 
KnrMw  t4  Uin^im,  \9\%,  pp.  77,  7»,  473. 
^^if  ft  4mftipi^m  fA  itm  fstfAoi^  refaukjiM  of  thk  coal  bed  see  U.  S.  Geol.  Surrey 

MfimffU.^  'h\Utmitum$i  fvml;  Vaaitanh  Hilb  field;  Analyu  No.  12705  (p,  35). 

J^im.'  -Wmifm,  on  ihtt  WMit  iide  of  Coal  Creek,  in  sec.  30,  T.  2  N.,  R.  92  W..  12 
tn'tlm  hf^rthmtft  tA  M^ktr  And  &5  milef  nr/rth  of  the  Denver  A  Rio  Gfmnde  Raibottd. 

(fffftt  M.'  So  numtt,  r'ri7ta/*eou4  age,  Meflaverde  formation.  Thicknes?,  about  22 
1t^,  »J  Utfhm.    \y\p,  «Hf  HW. 

T>f#*  fi#i/]  ifftm  mti9m\if^\  ami  imnipled  at  one  point  in  the  mine  by  E.  T.  Hancock 
tm  (hUAmf  «,  i9iJ,  ai«  nhtmn  l>elow: 


Heriirm  of  eoal  bed  in  the  We$$on  mine. 


tm^f*tfnUiff  f*i 

i  fml         

f'ffn\,iihntf  .,4 

ifmi  

f^UnUt,  imt^ntnmmnin 

imi  

tinwUUrtm 

im\  

i'lmi  (not  mitiml), 

Tlik«kf»«wi  of  <M«I  Mimpl«4l 


U706 

Ft. 

im. 

2 

1 

0 

1 

11 

0 

•  0 

1 

2 

4 

aO 

ft 

2 

8 

18 

H 

18 

2 

a  Not  lnoltid«d  In  Munple. 


Hnmpln  12705  wm  tiik<*n  in  the  mine,  258  feet  northwost  of  the  mine  mouth. 
For  a  (l<«f(rHption  ot  t)ie  geologic  relationn  of  thin  coal  bed,  see  U.  S.  Geol.  Survey 
Hull.  415,  lUlO.  p.  164. 

IDAHO. 
B0I8B  COUNTY. 

HORARAHOB   BrND.      HbNRT  MiNB. 

SampU,-  HuhhlfnmlnotiH  coal;  Ilone^hoe  Bend  field;  analyses  Nos.  12391  and 
12703  (p.  35). 

Mxtif.'  Henry,  a  nlope  mine  in  NW.  J  sec.  3,  T.  6  N.,  R.  2  E.,  at  Horseshoe  Bend, 
about  20  miles  north  of  Btkise. 
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Coal  bed. — ^No  name.  Tertiary  age,  Payette  formation.  Thickness  irregular,  aver- 
age 18  to  20  inches;  dip  about  50^  west.    Roof,  black  shale;  floor,  clay. 

The  bed  was  sampled  and  measured  at  one  point  in  the  mine  by  0.  T.  Kirk  and 
C.  F.  Bowen,  on  June  22  and  at  one  point  by  0.  F.  Bowen  on  October  8,  1911,  as 
shown  below: 

Section  of  coal  bed  in  Henry  mine. 


Laboratory  No 

Roof,  shale. 

Ck)al 

Clay 

B<«e 

Coal 

Bone 

Clay 

Floor,  sandstcme. 

Thickness  of  bed 

Thickness  of  coal  sampled 


12703 
Ft.  in. 

1  6 
aO  4 
«0  2 
aO  4 
oO  3 
aO      2 

2  9 
1      6 


•  Not  included  in  sample. 

Notes. — Sample  12703  was  taken  in  the  Jensen  level,  140  feet  from  the  mouth  of  the 
slope  and  about  175  feet  below  the  sur&ice.    It  represents  freshly  mined  coal. 

Sample  12391  was  taken  about  60  feet  from  the  mouth  of  the  slope  and  represents  2 
feet  of  coal.  As  the  face  had  been  exposed  to  the  atmosphere  for  about  a  year  the  coal 
was  perhaps  more  or  less  weathered. 

For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  S.  Geol.  Survey 
BuU.  531,  1911,  p.  249. 

CASSIA  COUNTY. 
Oaklet.    Wobthinoton  Mine. 

Sample. — Lignite;  Groose  Creek  district;  analysis  No.  12643  (p.  36). 

ilin«.— Worthington;  a  slope  mine  SE.  J  sec.  26  (unsurveyed),  T.  16  S.,  R.  20  E., 
on  €roose  Creek,  about  22  miles  southwest  of  Oakley. 

Lignite  6«/.— Worthington.  Tertiary  age,  Payette  (?)  formation.  Dip,  about  10** 
east.  The  bed  was  measured  and  sampled  at  one  point  in  the  mine,  by  C.  F.  Bowen 
on  September  19, 1911,  as  shown  below: 

Section  of  lignite  bed  in  Worthington  mine. 


Laboratory  No '     12643 

Roof,  clay.  i     Ft.  in. 

Lignite.. '       1     8 

Clay •O     U 

Lignite 

TbJckness  of  bed 

Thickness  of  ooal  sampled 


2     4 

4     li 
4      0 


a  Not  included  in  sample.    ' 

The  sample  was  taken  in  the  slope  about  200  feet  from  its  mouth. 

Notes. — ^This  is  the  most  important  bed  in  the  Croose  Creek  district.  At  the  time  of 
sampling  in  1911  the  mine  had  been  idle  for  more  than  a  year.  For  a  description  of 
the  geologic  relations  of  tiiis  coal  bed,  see  U.  S.  Oeol.  Survey  Bull.  531  1913,  p.  258. 

FBBMONT  COUNTY. 

Hadbn.    Brown  Beab  Mine. 

Sample.' -BitamhkovLB  coal;  Teton  Basin  field;  analysis  No.  15115  (p.  36). 
Mine.— Brown  Bear;  in  sec.  25,  T.  5  N.,  R.  43  E.;  Horseshoe  Creek  district,  about 
10  miles  southwest  of  Haden. 
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Coal  bet/.— "Not  named.    Cretaceous  age;  formation  not  yet  determined. 
The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  £.  6.  Woodruff  on 
September  28, 1912,  as  shown  below: 

Section  of  coal  bed  in  Brown  Bear  mine. 


Laboratory  No. 
Rooffihato. 
Coal. 


15115 
FU  in, 
3    11 

Shale oO     3 

1      1 

5     3 


Coal 

ffliale. 

Thteknen  of  bed. 


Thteknen  of  coal  nunpled |        5     0 

a  Not  iDctoded  In  sample. 

Sample  15115  was  taken  at  the  end  of  the  north  entry,  950  feet  from  the  portal, 
where  mining  had  been  done  recently  and  where  the  coal  was  imweathered. 

For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  S.  Geol.  Survey 
Bull.  541,  1914. 

Hadbn.    Horseshoe  Mine. 

Sample. — Bituminous  coal;  Teton  Basin  field;  analysis  No.  15116  (p.  36). 

Mine. — ^Horseshoe;  in  sec.  6,  T.  4  N.,  R.  44  E.;  Horseshoe  Creek  district,  about 
10  miles  southwest  of  Haden. 

Coal  bed, — Not  named.    Cretaceous  age;  formation  not  yet  determined. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  E.  G.  Woodruff 
on  September  28, 1912,  as  shown  below: 

Section  of  coal  bed  in  Horseshoe  mine. 


Laboratory  No 

Roof,  shale. 

Coal 

Sandstone 

Coal 

Coal,  very  impure 

Coal 

Floor,  shale. 

Thlokness  of  bed 

Thickness  of  coal  sampled . 


15116 

FL  in. 

1 

11 

aO 

10 

3 

4 

al 

0 

3 

3 

11 

1 

8 

6 

a  Not  included  in  sample. 

Notes. — ^This  sample  was  taken  in  an  abandoned  mine  about  200  feet  from  the  portal 
at  a  point  whero  the  bed  is  under  60  feet  of  cover.  The  mine  was  dry.  The  face  had 
been  exposed  for  more  than  a  year  and  was  cleaned  before  sampling.  The  coal  was 
probably  slightly  weathered. 

For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  S.  Geol.  Survey 
Bull.  541,  1914. 

ILLINOIS. 
MADISON  COUNTY. 

Collins viLLE.    Cantinb  No.  3  Mine. 

Sample. — Bituminous  coal;  Illinois  field;  analyses  Nos.  10956,  10957,  10958,  and 
10959  (p.  36). 

Mine. — Cantine  No.  3,  a  shaft  mine  in  the  Central  Illinois  district,  1  mile  east  of 
CoUinsville,  on  the  Vandalia  Railroad. 

Coal  bed. — Herrin  coal  (Belleville,  No.  6)  of  the  United  States  Geological  Survey. 
Carboniferous  age,  Carbondale  formation.    Average  thickness,  7  feet  3  inches.    The 

^  is  a  gray  shale,  above  the  shale  is  a  limestone  cap  rock.  The  floor  is  a  smooth, 
fireclay. 
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The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  P.  M.  Riefkin 
on  S^tember  23, 1910,  as  described  below : 

Stctions  of  coal  bed  in  Cantine  No.  S  mine. 


Seetfon 

lAboratoryNo 

Roof,  gny  shale. 

Coal 

"Salphur" 

Coal 

"Solphor" , 

Coal 

"Solplmr" 

Coal 

Mother  coal , 

Coal 

"Sulphur" 

Coal 

Hard  blue  band 

Bottom  coal 

Floor,  fire  day. 

TnJekneaB  of  bed 

TUDkneaB  of  coal  sampled 

a  Not  Included  In  sample. 

Section  A  (sample  10956)  was  measured  on  the  rib,  10  feet  from  the  face  of  west 
entry  10  off  the  north  heading,  3,200  feet  northwest  of  the  shaft. 

Section  6  (sample  10957)  was  measured  at  the  face  of  the  first  stub  on  east  entry  8 
off  the  north  heading,  4,200  feet  north  of  the  shaft. 

Section  0  (sample  10958)  was  measured  on  the  rib  8  feet  from  the  face  of  east  entiy 
7,  off  the  south  heading,  2,500  feet  southeast  of  the  shaft. 

A  composite  sample  was  made  by  combining  face  samples  10956,  10957,  smd  10958. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  imder  laboratory  No. 
10959. 

NotcB. — ^The  mine  is  opened  by  a  shaft  165  feet  deep.  At  the  time  of  sampling  the 
coal  was  undercut  with  punching  machines  and  broken  down  with  black  powder. 
The  tipple  was  equipped  with  shi^Eer  screens  to  prepare  the  coal  for  various  commercial 
and  domestic  sizes.  There  were  four  loading  tracks  with  a  capacity  of  40  loaded 
and  20  empty  cars. 

MONTGOMEBY  COUNTY. 
Panama.    Panama  No.  1  Mine. 

Sample. — ^Bituminous  coal;  Illinois  field;  analyses  Nos.  11352,  11353,  and  11354 
(p.  37). 

Mine. — ^Panama  No.  1,  a  shaft  mine  in  Gresham  Township,  one-fourth  of  a  mile 
north  of  Panama,  on  the  Toledo,  St.  Louis  &  Western  Railroad. 

Chal  bed. — ^Herrln  coal  (Belleville,  No.  6)  of  the  United  States  Geological  Survey. 
Carboniferous  age,  Garbondale  formation.  Thickness,  6  feet  6  inches  to  7  feet  6  inches. 
Ro(rf,  limestone;  floor,  clay.  The  bed  was  measured  and  sampled  at  two  points  in 
the  mine  by  R.  Y.  Williams,  on  November  23,  1910,  as  shown  below: 

Sections  of  coal  bed  in  Panama  No.  1  mine. 


Section 

Laboratory  No 

Roof,  limestone. 

Coal 

"Solphnr" 

Coal.    . 

"Suirtmr".;!!!!!!!!!!;!!!!!!!!!!!!!!!!;!!!! !!!!!!!!!!!!!!!!! 
Coal.!^. 

a  Not  Included  in  sample. 


{ 


A 
11352 
FLin. 
1    11 

A  Knife 
edge. 
0     U 

aO        { 
0     6 


B 

11353 
Ft.  'in. 

1     7 

}  •©      J 


0 
0 


2 


?'a>    *    .    1^ 


:  i 


i^'i/m  A  '•aui'yAf  J!  'A'l  wai  mfo^nt^  x  '.hi*  fan?  (rf  ranm  L  iir;  ^ts'Ji  ?r-;b  t* 
»tj*  U,.**)  •rr.^t^Mi'.  ^.'ry.  »>j'ril  2,'W>  !•*<  tfiat  lb?  *iufl. 

Kwi/xi  li  I'nCdj'U  I  M'/iy  WW  >Di>«nn«)  at  'Jk  !io^  '^  nvjo  1.  -JiLH  a-:nii  flub  ofl 
w*-«  *»(UX  «.  'y«  i»'»ih  *T)Uy.  !.'W>  fc*<  fr'«n  the  th«.'t_ 

fwjtx  'j(  >ifi  ■A'lttialf!  atalytui  '4  tbu  «id)>I>«  are  idv«n  aiiid«r  bbonlofr  Nol  113»4. 

.V'/tf*  'I7w  i»in*r  ii  'itr^tiM  t/y  *  ahah  stwut  375  fe«i  d«ep.  Tbr  nxl  U  mined  by 
tf^ti  i)^r'y««>'«(vf'{ilUraiiil  the  panel  vynefUf.  Entnr  p^Uan  aip  le#I  u>  protect  the 
MitrW     At  th«  lioM  'j(  Minpliiig  tbe  miite  was  equipped  to  [Mudnce  3.50D  tcKa  of 


H*HI 


•AUR  oornrrr. 

MB>;iin,    O'Gaba  No,  «  Mm. 


MampU.    IliUimin/MiH  umI;  lUinoui  field;  aoal>-na  Noe.  1Z7M  and  127%  (p.  37). 

J/frur  <)''iM«  N'l.  9,  %  ihtft  mine  in  the  Saline  Comity  diatrict,  1  mile  soadi  of 
UmnUUitx,  tm  ihn  Bik  f'wr  Kailroad. 

'vj/  hrH  N'l,  ft  of  liiK  lllinaiii  Geologia]  Nurve>-.  Caiboniferooa  age.  Cstbondaln 
\iintuti.um.  Average  llikhiuM,  6  leet;  ^pSpercentnortheMt.  Cle«t,  northcMt and 
iHfiitt)WMit,  (f('i"Miimal  dikes  an  encountered.  Roof,  ablueriiale;  2  to  H  incbeeof 
tliU  ■lialn  iiiOUD  'linrn  with  tin?  <?oai  in  mining-  floor,  a  hard  clay.  Cover  at  pointa 
of  mmptinK,  W>  Ui  240  fnel. 

'Din  lind  wm  meamifMl  and  minplfd  at  two  pointa  in  the  mine  by  H.  I.  Smith  co 
Auipwt27,  l»1l,  M'lMu-rilxMl  UUiw: 

Htfliiint  of  raal  bed  in  O'Otav  No.  9  miiu. 


\71M 

2  3 
•!  .' 

7     B 

'  "imi  jihiir' ■' .' .'.'  .*."  .".*  .".*  .'  .".*   .* .' .' .'."  .* .' ."  .*  .'.* .'  .* .'  .'.'';."*!;.'."!; 

^T 

■  Not  iDoludail  Id  huii^ 

Hra'tlim  A  fnampln  12704)  wM  measured  at  the  tftce  ol  west  entry  3,  oR  the  main 
Knilh  pntry,  lielwtxiti  KHitnii  IR  and  10,  about  3,000  feet  from  the  shaft. 

Sni'tiun  II  (namplo  VilWti  wan  moi«iirud  at  the  face  of  the  second  cicoscutinroomll, 
off  w«at  entry  3,  ott  the  main  aouth  entry. 
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Notes. — ^The  mine  ia  opened  by  a  shaft  152  feet  deep.  The  coal  is  mined  by  the 
room-and-pillar  system.  At  the  time  of  sampling  the  coal  was  undercut  by  electric 
chain  cutting  machines  and  shot  down  with  C,  F,  FF,  and  FFF  black  blasting 
powder.  No  explosives  were  used  for  brushing  the  roof  or  floor.  None  of  the  cod 
was  shipped  as  run-of-mine.  The  screening  equipment  consisted  of  a  double-decked 
bar  screen  21  feet  long  by  7  feet  wide,  the  upper  screen  having  openings  2  inches  by  21 
inches  and  the  lower  screen  openings  1^^  Inches  square.  Pickers  were  employed  on 
the  car  in  loading.  There  were  three  loading  tracks  with  a  capacity  of  40  empty 
and  60  loaded  cars.  The  daily  output  averaged  2,500  tons;  the  capacity  was  3,100 
tons. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  BulL  22, 
Bureau  of  Mines,  1913,  pp.  90,  507. 

For  results  of  tests  of  coal  from  this  mine  see  mention  of  specific  tests  as  follows — 
Steaming  tests:  XT.  S.  Geol.  Survey  Bull.  332,  p.  119;  Bureau  of  Mines  Bull.  23,  pp. 
61,  159;  briquetting  tests,  U.  S.  Geol.  Survey  Bull.  332,  p.  119. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 

Bull.  316,  1907,  p.  130. 

VBHMTLION  COUNTY. 

Wbstvillb.    Littlb  Vermiuon  Mine. 

Sample. — ^Bituminous  coal;  lUinois  field;  analysis  No.  14682  (p.  37). 

Mine. — Little  Vermilion,  a  mine  in  the  Grape  Creek  district,  sec.  19,  T.  18  N., 
R.  11  W.,  2  miles  south  of  Westville. 

Coal  bed. — ^No.  6  of  the  lUinois  Geological  Survey.  Carboniferous  age,  Carbondale 
formation. 

Sample  14682  represents  a  car  of  run-of-mine  coal  used  in  combustion  test  (test  No. 
336)  at  the  Bureau  of  Mines  testing  plant  at  Pittsburgh,  Pa.  The  sample  was  taken 
by  E.  R.  Linkenhoker  while  the  car  was  being  unloaded. 

INDIANA. 

SUIilJVAN  COUNTY. 

DUGGBR.      VaNDALIA  No.  10  MiNB. 

Sample. — ^Bituminous  coal;  bituminous  coal  field;  analyses  Nos.  10960  and  10961 
(p.  37). 

Mine. — ^Vandaha  No.  10, 1)  miles  southwest  of  Dugger,  on  the  Vandalia  Railroad. 

Coal  bed. — No.  4  of  the  Indiana  Geological  Survey.  Carboniferous  age,  Allegheny 
formation.  Average  thickness,  about  5  feet  6  inches.  Roof,  a  gray  shale  20  feet  thick; 
above  the  shale  is  a  sandstone  cap  rock.  Floor,  clay  6  to  10  feet  thick;  below  the  clay 
is  a  sandstone.  The  bed  was  measured  and  sampled  at  two  paints  in  the  mine  by 
R.  Y.  Williams  on  September  21,  1910,  as  described  below: 

Sections  of  coal  bed  in  Vandalia  No.  10  mine. 


Btction... 

Laboratory  No 

Boof,  shale. 

Rash. 

Coal,  hard  and  bri^^t 

Bone  and  shale. 

Natural  charcoal 

Coal,  hard  and  bright. . . . 

"Sulphur"  and  bone 

Natural  charcoal 

Coal,  hard  and  bright 

Bottom  ooal 

Shale  parting 

Coal,  hard  and  bright 

Floor,  clay. 

TnickneeB  of  bed 

Thiokneas  of  coal  sampled 


A 

10960 

Ft.  in. 

•  • 

1 

•  • 

5 

•  • 

aO 
0 

4 

•  • 

0 

1 

•  • 

J 

•  • 

aO 

•  • 

2 

2 

3 

5 

il 

5 

B 
10961 
Ft.  fn. 
aO       i 

2      8 
aO     2 


0 
aO 

*  • 

1 
0 


8 


5     3 


J 


47064°— Bull.  85—14- 


a  Not  included  in  sample. 
-14 
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Section  A  {maoflB  10960)  mm  mo—ired  at  the  face  at  room  2,  of  eaet  mitry  •  off 
north  entry  2,  off  the  main  east  entry. 

Section  B  (sample  10061)  was  measured  at  the  face  of  room  12,  €&  east  entry  6  €& 
north  entry  2,  off  the  main  east  entry. 

JVote.— At  the  time  of  mmpling  the  ontpnt  was  1,600  tone  %  day. 


WJLBJUCK  OOUVTY. 

Elbebfkld.    Elberfeld  Mine. 

Sample. — Bituminous  coal;  bituminous  coal  field;  analysis  No.  16578  (p.  37). 

Mine. — Elberfeld,  a  shaft  mine  1  mile  south  of  Elberfeld  station  on  the  E.  A  I.  siding. 

Coal  bed. — No.  5  of  the  Indiana  Geological  Survey.  OarbonifieTOUB  age,  Allegheny 
formation.  Average  thickness,  4  feet  6  inches;  dip  southwest,  in  places  ae  mudi  as 
5^.  The  coal  has  a  cleat,  but  no  faults  or  horsebacks.  There  aro  no  penristent  part- 
ings, but  kidney  ''sulphur"  and  ''sulphur"  flakes  occur  at  intervals.  The  roof  is  a 
hard  black  shale  which  does  not  come  down  in  mining,  overlain  by  a  softer  shale. 
The  floor  is  a  hard  fire  clay  which  mixed  sli^tly  with  Uie  coal  in  loading.  Cover  at 
point  of  sampling,  185  feet. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  J.  J.  Rutledge  and 
H.  D.  Mason,  jr.,  on  February  6, 1913,  as  described  below: 

Section  of  coal  bed  in  Elberfeld  mim. 


B«otkni 

LaboTfttory  No 

Roof,  hard  blaok  ihaie. 

"St«ei''biBind.'.!!!!!!!!!!! 

Coal 

"Stael"band 

Coal 

Floor,  hard  Are  clay. 

TnlokiiMa  of  bed 

ThlcknMa  of  coal  lampled . 


A 

16578 
ft.  in. 
1    0 

5     * 
0    8 


Section  A  (sample  16578)  was  measured  in  the  new  manway  off  the  main  west  entry, 
200  feet  north  of  the  shaft  bottom. 

NoU$. — The  mine  is  opened  by  a  shaft  185  feet  deep,  and  the  coal  is  rained  by  the 
room-and-pillar,  double-entry  system.  At  the  time  of  sampling  the  coal  was  undercut 
by  hand  and  shot  down  with  C  and  F  black  blasting  powder.  Seventy-five  per  cent 
of  the  coal  was  shipped  as  run-of-mine.  The  coal  was  hoisted  on  a  self-dumping  cage  to 
a  wooden  tipple.  The  tipple  had  shaking  screena  40  feet  long  by  5  feet  wide  with 
2^inch  holes.  Pickers  were  employed  on  the  cars  while  loading.  There  were  three 
loading  tracks,  with  a  capacity  of  25  empty  and  25  loaded  cars.  The  average  daily 
output  was  250  tons,  the  capacity  300  tons.  About  60  acres  remained  to  be  mined 
from  the  preaent  opening. 

KANSAS. 
OBAWFOBD  OOXTNTY. 

Franklin.    Western  No.  16  Mms. 

Sample, — Bituminous  coal;  Kansas  field;  analysis  No.  17032  (p.  37). 

Mine. — ^Western  No.  16;  one-fourth  of  a  mile  west  of  Franklin,  on  the  Missouri 
Pacific  Railway  and  the  Atchison,  Topeka  A  Santa  Fe  Railway. 

Coal  bed. — ^Weir- Pittsburg.  Carboniferous  age,  Cherokee  shale.  Average  thickness, 
2  feet  10  inches;  dip,  northwest.    The  coal  is  very  clean  except  for  thin  streaks  of 
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pyiite  near  the  middle  of  the  coal  bed.  BMb^  clay  veins,  honebackB,  and  slips  are 
numerous  and  a  source  of  much  added  expense  in  mining.  Roof,  bluish  shale;  floor, 
underclay,  which  at  times  heaves.    Cover  at  point  of  sampling,  about  220  feet. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  G.  S.  Stevenson 
on  AprU  16, 1913. 

Sample  17082  wae  taken  at  a  point  in  the  mine  2,000  feet  southwest  of  the  shaft, 
and  represents  2  feet  11  inches  of  clean  coal.  There  was  shale  above  the  coal  and  clay 
below  it. 

Notes. — ^The  mine  is  opened  by  a  shaft  219  feet  deep.  The  coal  is  mined  by  the 
double-entry,  room-and-pillar  ssrstem.  At  the  time  <A  sampling  the  coal  was  shot  off 
the  solid  and  gave  trouble  in  sticking  to  the  roof.  In  the  haulageways  the  top  was 
brushed  to  a  height  of  2  feet,  but  in  the  air  course  the  top  was  not  brushed.  The  coal 
was  principally  marketed  for  railroad  purposes.    The  output  was  about  700  tons  a  day. 

Fuller.    Shbridan  No.  2  Mine. 

Sample.— BiUimijaoua  coal;  Kansas  field;  analyses  Nos.  11181,  11182,  11183,  and 
11184  (p.  38). 

Mine. — Sheridan  No.  2,  a  shaft  mine  in  sec.  12,  T.  29  N.,  K.  25  E.,  in  the  southwest 
comer  of  the  town  of  Fuller,  on  the  Kansas  City  Southern  BAilway. 

Coal  bed. — ^Wier-Pittsbuig.  Carboniferous  age,  Cherokee  shale.  Average  thickness, 
3  feet;  bed  horizontal.    Boof,  dark  gray  shale  10  to  12  feet  thick;  floor,  hard  shale. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian 
on  November  12, 1910,  as  described  below: 


SectUm»  of  coal  bed  in 


No.  t  mine. 


SOCtlQOa  ••••.•••....•.•.•.....•.■...........••••••.•••..••.•••...•••.•.... 

A 

U181 

Ft.  in. 

1     0 

aO        1 

1  4 
aO       1 

0      7 

8     0 

2  11 

B 
11188 
Ft.  Hi. 

1  0 

.,    i 

8     0 

2  11 

c 

Laboratory  No *. 

11183 

Roof,  shale. 

Coal 

Fl.  in. 
I     0 

"Sulphur"  band 

ao       1 
1      4 

i\^i 

"Sulphur"  band 

aO       1 

0      7 

Coal.. 

ThicknesB  of  bed 

3     0 

Thfchiifflw  nf  coal  sampled ^  x .....  x .,,..,,  ^ ... . 

2    11 

a  Excluded  from  sample. 

Section  A  (sample  11181)  was  measured  at  the  face,  2,500  feet  southwest  of  the  shaft. 

Sectkm  B  (sample  11182)  was  measured  at  the  face,  2,500  feet  northeast  of  the  shaft. 

Section  C  (sample  11183)  was  measured  at  the  face,  2,500  feet  northwest  of  the  shaft. 

A  composite  sample  was  made  by  combining  face  samples  11181,  11182,  and  11183. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  imder  laboratory  No. 
U184. 

Notes. — At  the  time  of  sampling  the  output  was  875  to  400  tons  a  day. 


Yale.    WBerrBRK  No.  13  Mine. 

^<mp{0.— Bituminous  coal;  Kansas  field;  analyses  Nos.  11209,  11210,  11211,  and 
11212  (p.  38). 

1^.— Western  No.  13,  a  shaft  mine  in  sec.  26,  T.  30  N.,  B.  25  E.,  three-fourths  of  a 
mOe  Boirthwest  of  Yale,  on  the  Missouri  Pacific  Railroad. 

OooZ  ftecf.— Wier-:PittBbuig(?).  Carboniferous  age,  Cherokee  shale.  Average  thick- 
oeo,  3  feet;  practically  horizontal.  Boof,  dark  gray  shale  30  feet  thick;  floor,  soft 
>fa«Ie.    Cover  at  i>oint8  of  sampling,  87  feet. 
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The  bad  was  meaBured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian 
on  November  14, 1910,  as  described  below: 

Sections  of  coal  bed  in  Western  No.  IS  mine. 


Seetioa 

I/abontory  No. 
Boor,  shale. 
Coal. 


''Sulphur"  band 

Coal 

Floor,  sbede. 

Hiickneas  of  bed 

ThickneBS  of  coal  sampled. 


A 

B 

iiaw 

imo 

Ft.  to. 

Ft  to. 

1      8 

1     8 

•?  4 

•?  4 

3     0 

3      0 

3  Hi 

3    11} 

c 

11211 
Ft.  to. 

1  8 

•?  4 

3     0 

2  Hi 


•  Not  indnded  in  sample. 

Section  A  (sample  11209)  was  measured  at  the  face,  2,600  feet  north  of  the  shaft. 

Section  B  (sample  11210)  was  measured  at  the  face,  2,800  feet  southeast  of  the  shaft. 

Section  C  (sample  11211)  was  measured  at  the  face,  2,800  feet  southwest  of  the  shaft. 

A  composite  sample  was  made  by  combining  face  samples  11209,  11210,  and  11211. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  imder  laboratory  No. 
11212. 

Notes. — The  mine  is  opened  by  a  shaft  about  90  feet  deep.  At  the  time  of  sampling 
the  output  was  500  tons  a  day. 

liBAVENWOBTH  COUNTY. 

Lansing.    Penitentiabt  Mine. 

Sample. — Bituminous  coal;  Kansas  field;  analyses  Nos.  12841,  12842,  12843,  and 
12844  (pp.  38,  39). 

Mine. — Penitentiary;  sec.  19,  T.9S.,  R.  23E.;  Leavenworth  district;  on  Missouri 
Pacific,  Atchison,  Topeka  it  Santa  Fe,  and  Union  Pacific  railroads. 

Coal  bed. — Bevier.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale.  Roof, 
chiefly  firm,  dark  drab  shale;  floor,  thin  imderclay  on  limestone.  Thickness,  regular, 
average  22  inches.    Cover  at  points  of  sampling,  720  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  M.  Albertson 
on  September  15,  1911. 

Sample  12841  was  taken  1,100  feet  south  and  1,400  feet  east  of  the  shaft  in  22  inches 
of  coal. 

Sample  12842  was  taken  4,400  feet  east  and  500  feet  north  of  the  shaft  in  22  inches 
of  coal. 

Sample  12843  was  taken  2,300  feet  east  and  2,600  feet  north  of  the  shaft  in  22  inches 
of  coal. 

A  composite  sample  was  made  by  mixing  face  samples  12841,  12842,  and  12843. 

The  results  of  the  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 

12844. 

Leavenworth.    No.  1  Mine. 

/Sample.— Bituminous  coal;  Kansas  field;  analyses  Nos.  12849,  12850,  12851,  and 
12852  (p.  39). 

Mine.—^o.  1;  Leavenworth  district,  at  Leavenworth;  sec.  36,  T.  8  S.,  R.  22  E.; 
on  the  Missouri  Pacific  Railway. 

Coal  bed. — Bevier.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Roof,  chiefly  firm,  dark  drab  shale;  floor,  thin  underclay  on  limestone.  Thickness, 
regular,  average  22  inches.    Cover  at  points  of  sampling,  720  feet.  * 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  M.  Albertson  on 
September  16,  1911. 

Sample  12849  was  taken  3,200  feet  north  and  560  feet  west  of  the  shaft  in  21  inches 
of  coal. 
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Sample  12850  was  taken  160  feet  west  and  3,100  feet  south  of  the  shaft  in  21  inches 
of  coal. 

Sample  12851  was  taken  110  feet  east  and  3,310  feet  north  of  the  shaft  in  22  inches 
of  coal. 

A  composite  sample  was  made  by  mixing  face  samples  12849,  12850,  and  12851. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
12852. 

Leavenworth.    No.  3  Mine. 

Sample. — ^Bituminous  coal;  Kansas  field;  analyses  Nos.  12845,  12846,  12847,  and 
12848  (p.  39). 

Mine, — ^No.  3;  Leavenworth  district,  at  Leavenworth;  sec.  25,  T.  8  S.,  R.  22  E.;  on 
Missouri  Pacific  Railway. 

Coal  bed, — Bevier.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Roof,  chiefly  firm,  dark  drab  shale;  floor,  thin  underclay  on  limestone.  Thickness, 
regular,  average  22  inches.  Cover,  720  feet.  The  bed  was  measured  and  sampled 
at  two  points  in  the  mine  by  M.  Albertson  on  September  18,  1911. 

Sample  12845  was  taken  3,400  feet  southeast  of  the  shaft  in  22  inches  of  coal. 

Sample  12846  was  taken  3,800  feet  southeast  of  the  shaft  in  22  inches  of  coal. 

Sample  12847  was  taken  3,350  feet  southeast  of  the  shaft  in  22  inches  of  coal. 

A  composite  sample  was  made  by  mixing  face  samples  12845,  12846,  and  12847. 

The  results  of  an  ultimate  analysis  of  this  sample  are  shown  imder  laboratory  No. 

12848. 

KENTUCKY. 

UBTCHEB  COUNTY. 

Flat  Gap,  Va.    Local  Mine. 

Sample, — Bituminous  coal;  eastern  Kentucky  field;  analysis  No.  15172  (p.  39). 

Mine. — ^A  local  drift  mine,  1}  miles  south  of  Flat  Gap,  Va.,  10  miles  from  the  nearest 
railroad. 

Coal  bed. — Lower  Standiford.  Carboniferous  age,  Wise  formation.  Thickness  uni- 
form, nearly  flat.    Roof,  shale;  floor,  clay.    Cover  at  points  of  sampling,  25  feet. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  Charles  Butts  on 
November  1, 1912. 

Sample  15172  was  taken  in  the  entry  about  15  feet  from  the  mine  mouth,  in  3  feet 
2  inches  of  coal,  all  of  which  was  included  in  the  sample.  The  roof  at  this  point  was 
shale  and  the  floor  was  clay. 

Notes. — Bright,  firm  coal,  sold  for  domestic  use. 

Flat  Gap,  Va.    J.  H.  Mulun  Mine. 

Sample, — ^Bituminous  coal;  eastern  Kentucky  field;  analysis  No.  15173  (p.  39). 

Mine. — J.  H.  Mullin,  a  local  mine  3J  miles  southwest  of  Flat  Gap,  Va.,  and  10  miles 
from  the  nearest  railroad. 

Coal  bed. — Lower  Boiling.  Carboniferous  age.  Wise  formation.  The  bed  was  meas- 
ured and  sampled  at  one  point  in  the  mine  by  Charles  Butts  on  November  1,  1912,  as 
described  below: 

Section  of  coal  bed  in  J.  H.  MulUn  mine. 


Laboratory  No. 


Coal 

Clay 

Coal 

Clay 

Coal 

Thickness  of  bed 

Thickness  of  coal  sampled . 


15173 

Ft.    in. 

2    3 

aO    2 

1    6 

aO    4 

0    4 

4    7 

4    1 


a  Not  included  in  sample. 
The  above  section  was  measured  in  the  main  entry,  40  feet  from  the  mine  mouth. 


204 


A)^aLTSE6  op  C6AL. 


Jbnkiks.    Coksolidation  No.  204  Mine. 

Sample. — JNtuminocui  ooal;  eastern  Kentucky  field;  analyse  Nob.  14i04  and  14805 
(p.  39). 

ll'tn^.-— Ooowdidation  No.  204,  a  drift  mine  at  Jenkins,  on  the  Baltimore  A  Ohio 
Railroad. 

Coal  bed, — ^Upper  Elkhom.  Carboniferous  age,  Pottsville  group.  Thickness, 
uniform,  flat.    Roof,  shale;  floor,  clay. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  Charles  Butts  on 
October  12, 1912,  as  described  below: 

Sections  of  coal  bed  in  Consolidation  No.  t04  fninc. 


8eoti<m 

Laboratory  Na. 
Roof,  shale. 

Coal 

Clai 


Coai. 


Floor,  clay. 

Thiokneas  of  bed 

Thickness  of  coai  sampled. 


A 

14901     1 

Ft, 

to. 

3 

7 

•0 

8 

3 

81 

7 
7 

SI 

ItfOS 
fl  <«. 

4      0 
00      5 

4      0 

8     6 
8     0 


a  Not  laehided  in  Monple. 

Section  A  (sample  14904)  was  measured  at  the  face  of  the  main  heading,  1,700  feet 
from  the  mine  mouth. 

Section  B  (sample  14905)  was  measured  at  the  face  of  the  east  heading,  1,700  feet 
from  mine  mouth. 

NoUs, — ^The  day  partiAg  near  the  middle  of  liie  bed  is  soft  and  friable  and  is  utilized 
as  a  mining  bench.  Most  of  the  bed  is  coal  of  medium  hardness  and  brightness, 
but  the  lower  18  inches  includes  a  considerable  proportion  of  tough  hard  splint  coal. 
A  large  part  of  the  output  was  being  shipped  to  Michigaa,  where  it  was  utilised  in 
by-product  ovens. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  8.  Geol.  Survey 
Bull.  348,  p.  37. 

Jenkins.    Local  Mine. 

Sample. — ^Bituminous  coal;  eastern  Kentucky  field;  analyses  Nos.  14970  and  14971 
(p.  40). 

Mine. — ^A  local  drift  mine,  5  miles  northeast  of  Jenkins,  near  the  Baltimore  A  Ohio 
Railroad. 

Coal  bed.— Lower  EUduxm;  CarbonifiBrous  age,  Pottsville  group.  Thickness  unifonn, 
flat.    Roof,  sandstone;  floor,  day. 

The  bed  was  measured  and  sampled  by  Charles  Butts,  October  16, 1912,  as  described 
below: 

Section  o/eoal  bed  in  mine  5  miles  north  of  Jenkins. 


Laboratory  No 

Boot,  aandstona. 

Coal 

Ooal,  laminatod. 
Ooal. 


{ 


Floor,  day. 

ThlolaMBofbod, 


14970 
14971 

Fi,    im. 

ao  a 

»1    0 

•  1  H 
t    I 


•  Inetadod  in  sample  14970. 


*  Ineloded  In 


14971. 


The  section  was  measured  at  the  face  of  the  entry,  50  feet  from  the  mouth  of  the 
mine. 
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NoiM. — The  RipitmUmkI  beadi  of  soft  ooal  is  1  foot  thick  &md  is  hig^  in  impurities. 
The  output  is  used  for  local,  domestic,  and  steam  purposes. 

MUHLBMBEBO  OOUHTY« 

Cbntrai.  Citt.    Csntral  Mine. 

SiimpU, — Bituminous  coai;  westfon  Kentucky  field;  anal3rBe8  Nos.  13257,  13258, 
13259,  and  13260  (p.  40). 

Mine. — Centnal,  a  diaft  mine  one-eigfath  of  a  mile  souHi  of  the  depot  at  Central  City, 
on  the  Owensbuig-Russelyille  branch  of  the  Louisville  &  Nashville  Railroad  and  on 
the  Louisville  brandi  ol  the  Illinois  Central  Railroad. 

Coal  hed, — ^No.  9  of  ^e  Kentucky  Geological  Survey.  Carboniferous  age,  Pottsville 
group.  Thickness,  4  feet  9  indies  to  6  feet.  Ihe  bed  dips  north  about  15  feet  per 
mOe.  The  coal  contains  thin  streaks  of  ''sulphur **  and  some  ''sulphur*'  balls.  The 
roof  is  a  black  shale  2  to  4  feet  thick  and  is  of  good  quality.  The  floor  is  a  clay 
which  weathers  when  exposed  to  air.  Upon  exposure  for  a  year  it  weathers  to  an 
avefage  depth  of  6  inches  and  this  feature  is  utilized  by  driving  the  narrow  work 
about  one  year  in  advance  of  turning  the  rooms.  Cover  at  points  of  sampling,  about 
170  feet. 

The  bed  was  measured  and  sampled  at  three  {Mints  in  the  mine  by  C.  8.  Stevfflison 
on  January  22  and  23, 1912. 

Sample  13257  was  taken  at  the  face  of  the  main  south  entry,  and  represents  5  feet 
6  inches  of  cle^  coal. 

Sample  13258  was  taken  in  room  20,  off  the  auon  south  blind  entry,  aoid  represents 
5  feet  6  inches  of  clear  coal. 

Sample  13259  was  taken  in  room  3,  off  sixth  south  entry,  off  the  main  west  entry, 
and  represents  5  feet  6  inches  of  clear  coal. 

A  cooE^posite  sample  was  made  by  mixing  face  samples  13257,  13258,  and  13259. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  13260. 

NoUm, — ^The  mine  is  (^ened  by  a  shaft  170  feet  deq>  and  h  worked  on  the  room-and. 
pillar  system.  At  the  time  of  sampling,  all  the  ooal  was  imdercut  with  picks  to  one- 
half  the  depth  of  the  drill  hole  and  broken  down  with  F  and  FF  black  blasting  powd^. 
Most  of  the  output  was  used  for  domestic  purposes,  a  small  amount  being  sdd  for 
transportation  purposes. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  106,  542. 

For  results  of  tests  of  ooal  from  this  mine  see  mention  of  specific  tests  as  follows— 
Steaming  tests:  Bull.  13,  Bureau  of  Miuee,  pp.  137,  274;  coking  tests:  U.  S.  Geol. 
Survey  Bull.  336,  1908,  pp.  23,  30,  39;  cupola  teHts  of  coke:  U.  S.  Geol.  Survey  Bull. 
336,  pp.  50,  53,  56,  59,  62. 

Clbaton.    Bsvier  Mink. 

^omp^.— Bituminous  coal,  western  Kentucky  fidd;  analyses  Nos.  15339,  16340, 
and  15S41  (p.  40). 

Mine. — Bevier,  a  ehaft  mine  at  Cleaton,  of^xMite  the  railroad  station,  cm  the  Louis- 
▼ilie  d  Nashville  Railroad. 

Coed  bed. — ^No.  9  of  the  Kentucky  Geological  Survey.  Carboniferous  age,  Pottsville 
group.  Average  thidmess,  6  feet  4  indies.  Dip,  1®  southwest.  The  coal  bed  has 
no  persistent  partings,  but  contains  discontinuous  "sulphur"  flakes  and  bands.  The 
loof  is  a  fim,  hard,  black  diale  about  6  indies  thick;  above  the  shale  is  a  main  cap 
rock.  The  floor  is  a  hard,  smooth  fire  clay,  which  crumbles  on  exposure  to  the  air. 
The  material  Irom  the  nx>f  and  floor  did  not  mix  with  the  coal  in  mining.  Cover  at 
points  of  sampling,  about  130  feet. 
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The  bed  wan  meamired  and  sampled  at  three  points  in  the  mine  by  H.  D.  Mason,  jr., 
on  December  23,  1912. 

Sample  15339  was  taken  at  the  face  of  room  15,  off  the  eighth  north  air  course,  4,100 
feet  from  the  shaft.    The  sample  represents  5  feet  3  inches  of  coal. 

Sample  15340  was  taken  at  the  face  of  room  21,  off  seventh  north  entry,  3,800  feet  from 
the  shaft.    The  sample  represents  5  feet  6  inches  of  coal. 

Sample  15341  was  taken  at  the  face  of  eighth  south  entry,  4,500  feet  from  the  shaft. 
The  sample  represents  5  feet  3  inches  of  coal. 

At  all  three  places  some  thin  '' sulphur '^  bands  and  flakes  were  present  and  are 
included  in  the  samples. 

Noia, — ^The  mine  is  opened  by  a  shaft  69  feet  deep  and  the  coal  is  mined  by  the 
room-and-pillar  system.  At  the  time  of  sampling  the  coal  was  undercut  by  com- 
pressed-air machines  and  broken  down  with  FF  black  blasting  powder.  Machine 
cuttings  were  loaded  with  the  coal.  The  tipple  had  a  perforated  screen  12  feet  long 
and  5  feet  wide,  with  1  to  4  inch  openings.  About  38  per  cent  of  the  coal  going  to  the 
screen  passed  through  the  1-inch  holes.  Thirty  per  cent  of  the  coal  was  shipped  as 
run-of-mine.  Pickers  were  employed  on  the  cars  in  loading.  The  lumps  loaded  were 
large  and  of  good  appearance.  There  were  three  loading  tracks,  with  a  capacity  of  22 
empty  and  22  loaded  cars.  The  output  was  about  750  tons  a  day,  all  from  advance 
work,  but  the  intent  was  to  increase  it  to  1,000  tons.  There  was  approximately  900 
acres  of  unmined  coal  tributary  to  this  tipple. 

Graham.    Skibo  Mine. 

Sample, — Bituminous  coal;  western  Kentucky  field;  analyses  Nos.  16674  and  16675 

(p.  41). 

Mine. — Skibo,  a  slope  mine,  2  miles  north  of  Graham,  on  a  spur  of  the  Illinois 
Central  Railroad. 

Coal  bed. — No.  9  of  the  Kentucky  Geological  Survey.  Carboniferous  age,  Pottsville 
group.  Average  thickness,  4  feet  10  inches;  dip,  1  per  cent  southwest.  Only  one 
fault  has  been  encountered;  it  extends  miles.  There  are  no  persistent  partings  in 
the  coal,  although  '*  sulphur '^  occurs  in  flakes  and  bands.  The  roof  is  a  gray  shale,  18 
inches  thick,  which  comes  down  with  the  coal  in  places;  above  the  shale  is  a  cap  rock. 
The  floor  is  a  hard  smooth  fire  clay.  Particles  from  the  roof  and  floor  did  not  mix 
with  the  coal  in  mining.    Cover  at  points  of  sampling,  about  150  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  H.  D.  Mason,  jr., 
on  May  5,  1913. 

Sample  16674  was  cut  from  the  face  of  west  entry  2,  off  north  entry  1,  4,000  feet  north 
of  the  mine  mouth.  The  bed  at  this  point  was  4  feet  10  inches  thick.  The  sample 
represents  the  entire  section. 

Sample  16675  was  cut  from  the  face  of  room  2,  off  seventh  east  entry,  3,600  feet  north  of 
the  mine  mouth.  The  bed  at  this  point  was  4  feet  9  inches  thick.  The  sample 
represents  the  entire  thickness  of  the  bed. 

Notes. — ^The  coal  is  mined  by  the  room-and-pillar  double-entry  system.  At  the 
time  of  sampling  the  coal  was  undercut  with  chain  machines  and  broken  down  with 
FF  black  blasting  powder.  The  cuttings  were  loaded  out  with  the  coal.  About 
40  per  cent  of  the  coal  was  shipped  as  run-of-mine.  The  tipple  had  shaking  screens 
25  feet  long  and  6  feet  wide,  with  holes  1  to  2}  inches  in  diameter.  About  22  per  cent 
of  the  coal  going  to  the  screens  passed  through  the  screens.  Pickers  were  employed  on 
the  caiB  in  loading.  The  lumps  were  large  and  of  good  appearance.  There  were  three 
loading  tracks,  with  a  capacity  of  50  empty  and  50  loaded  cars.  The  daily  output  was 
922  tons,  with  a  capacity  of  1,000  tons.  The  greater  part  of  the  coal  was  from  advance 
workings,  although  some  of  it  was  from  pillars.  There  were  approximately  2,000  acres 
of  unmined  coal  tributary  to  this  opening. 


^•T 
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McHenry.    McHenry  Mine. 

Sample, — ^Bituminous  coal;  western  Kentucky  field;  analyses  Nos.  15102  and  15103 

(p.  41). 

Mine. — ^McHenry,  a  slope  mine  near  McHenry,  on  the  Illinois  Central  Railroad. 

Coal  bed. — No.  9  of  the  Kentucky  Geological  Survey.  Carboniferous  age,  Pottsville 
group.  Thickness,  fairly  uniform,  average  4  feet  6  inches.  Roof,  dark  shale,  overlain 
by  a  blue  sandstone.  Floor,  hard  smooth  underclay.  Particles  of  the  floor  got  mixed 
with  the  coal  in  mining. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  H.  D.  Mason,  jr., 
on  November  13,  1912. 

Sample  15102  was  taken  at  the  face  of  room  4,  off  south  entry  3;  9,000  feet  from  the 
mine  mouth.  The  sample  includes  the  entire  section,  4  feet  6  inches,  except  a 
"sulphur**  band  26  inches  above  the  bottom. 

Sample  15103  was  taken  at  the  face  of  room  1,  off  north  entry  1;  8,500  feet  from  the 
mine  mouth.  The  sample  includes  the  entire  section,  4  feet  6  inches,  except  a 
"sulphur**  band  26  inches  above  the  bottom. 

Notes, — The  mine  was  not  being  operated  at  the  time  these  samples  were  taken. 
In  mining,  the  coal  was  undercut  by  hand  in  the  coal  and  broken  down  with  FF  black 
blasting  powder.  About  50  per  cent  of  the  coal  was  shipped  as  run-of-mine.  Pickers 
were  employed  on  the  cars.  The  lumps  were  large  and  made  a  good  appearance  on 
the  cars.  The  track  had  a  capacity  of  40  loaded  cars  and  30  empty  cars.  The  average 
daily  production  had  been  700  tons.  There  was  approximately  1,000  acres  of 
unmined  coal  tributary  to  this  opening. 

pnCB  COUNTY. 
Hellier.    Edge  water  Mine. 

Sample. — Bituminous  coal;  Russell  Fork  field;  analysis  No.  12004  (p.  41). 

Mine. — Bdgewater,  1  mile  southeast  of  Hellier  post  office. 

Coal  bed. — ^UpperElkhom;  Carboniferous  age;  Kanawha  (?)  formation.  Thickness, 
3  feet  6  inches.  A  sample  of  run-of-mine  coal  from  this  mine  was  taken  on  March 
28,  1911,  by  C.  H.  Wegemann,  from  three  loaded  railroad  cars,  the  coal  having  been 
mined  the  previous  day. 

MISSOURI.« 

ADAUt  COUNTY. 

KiRKsvnxB.    Star  Mine. 

Sample. — Bituminous  coal;  Novinger  field;  analyses  Nos.  14799  and  14800  (p.  41). 

Mine. — Star,  a  shaft  mine  in  the  Kirksville  district,  in  sec.  8,  T.  63  N.,  R.  15  W., 
one-half  mile  west  of  Kirksville. 

Coal  bed. — ^Bevier.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  14  to  36  inches.  Cover,  290  feet.  The  bed  was  measured  and  sampled  at 
two  points  in  the  mine  by  M.  Albertson  on  September  28, 1912. 

Sample  14799  was  taken  30  feet  south  of  the  shaft  and  represented  17  J  inches  of  coal. 

Sample  14880  was  taken  12  feet  northeast  of  the  shaft  and  represented  20  inches  of 
coal. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  114,  562. 


a  The  coal  Adds  of  Missouri  are  described  in  detail  in  The  Coal  Deposits  of  Missouri,  by  Henry  Hinds, 
MiaMmri  Boreaa  of  Geology  and  Mines,  vol.  11,  ser.  2, 1013. 


208  ANALYSES  OF  COAL. 

AITDRADf  COUNTY. 
Maktinbburo.    No.  1  Minb. 

Sample. — Bitumiaoiu  coal;  Vandalia  field;  aiudyseB  Noe.  11483,  11484,  11485,  and 
11478  (p.  41). 

Miru, — ^No.  1,  a  shaft  mine  in  sec.  14,  T.  50  N.,  R.  7  W.,  one-fourth  mile  west  of 
Martinsbuig,  with  connections  to  the  Wabash  Bailioad  and  the  Chicago  &  Alton  Rail- 
road. 

Coal  bed, — Mulky.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Average  thickness,  2  feet  6  inches ;  bed  practically  horizontal .  Roof,  calcareous  shale. 
Floor,  fire  clay,  10  inches  thick,  underlain  by  limestone.  Cover  at  points  of  sampling, 
135  feet. 

The  bed  was  measured  and  sampled  at  tliree  points  in  the  mine  by  R.  D.  Killian  on 
December  19,  1910. 

Sample  11483  was  taken  at  the  long-wall  face,  600  feet  south  of  the  shaft. 

Sample  11484  was  taken  at  the  long-wall  face,  600  feet  southwest  of  the  shaft. 

Sample  11485  was  taken  at  the  face,  800  feet  southwest  of  the  shaft. 

At  each  of  the  points  sampled  the  coal  bed  was  2}  feet  thick,  overlain  by  8  inches  of 
''draw  slate,"  above  which  was  the  shale  roof.    The  floor  was  clay. 

A  composite  sample  was  made  by  combining  face  samples  11483, 11484,  and  11485. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratoiy  No.  11478. 

NoUi, — ^The  shaft  is  135  feet  deep;  the  long-wall  system  of  mining  is  employed.  At 
the  time  of  sampling  the  output  was  40  tons  a  day. 

BA&TON  COUHTY. 

MiNDBNMINBS.      No.  17  MiNB. 

Sample. — Bituminous  coal;  Minden  field;  analyses  Nos.  11185,  11186,  11187,  and 
11188  (p.  42). 

A/irw?.— No.  17,  a  shaft  mine  in  sec.  30  T.  32  N .,  R.  33  W.,  2  miles  northwest  of  Min- 
denmines  post  office,  on  the  Missouri  Pacific  Railway. 

Coal  bed. — ^Wier-Pittsburg  Lower.  Carboniferous  age,  Pennsylvanian  series,  Chero- 
kee shale.  Thickness,  2  feet  10  inches  to  3  feet;  bed,  horizontal.  Roof,  shale  20  feet 
thick,  overlain  by  sandstone  2}  feet  thick;  floor,  soft  shale.    Cover,  60  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian  on 
November  11, 1910. 

Sample  11185  was  taken  at  the  face,  1,000  feet  northeast  of  the  shaft,  where  there 
was  2  feet  10  inches  of  clean  coal. 

Sample  11186  was  taken  at  the  face,  1,000  feet  southeast  of  the  shaft,  where  there 
was  2  feet  10  inches  of  clean  coal. 

Sample  11187  was  taken  at  the  face,  1,500  feet  northwest  of  the  shaft,  where  there 
was  2  feet  10  inches  of  clean  coal. 

There  was  shale  above  and  below  the  coal  at  each  of  the  points  sampled.  The  sam- 
ples represent  the  entire  thickness  of  the  bed. 

A  composite  sample  yn^  made  from  hce  samples  11185,  11186,  and  11187.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11188. 

Notes. — ^The  shaft  is  64  feet  deep.  The  coal  is  mined  by  the  room-and-pillar  system. 
At  the  time  of  sampling  the  coal  was  shot  off  the  solid.  The  mine  was  comparatively 
new  and  was  equipped  to  produce  400  tons  a  day. 

Mnn>BM]itKB8.      PULLBN   No.  1  MiNB. 

Sample. — Bituminous  coal;  Minden  field;  analyses  Nos.  11177,  11178,  11179,  and 
11180  (p.  42). 

Mine.— TnHen  No.  1,  a  shaft  mine  in  sec.  28,  T.  32  N,  R.  3S  W.,  1  mile  northeast 
>f  Mindenmines  post  office,  on  a  branch  of  the  Missouri  Pacific  Railway. 


Coal  bed, — ^Wier-Pittsbuig  Lower.  Carboniferoua  age,  Pennsylvanian  series,  Chero- 
kee shale.  Thickness,  2  feet  6  inches.  Bed  practically  horieontal.  Roof,  shale  5  to 
10  feet  thick;  floor,  soft  clay.    Cover  at  points  of  sampling,  about  40  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  PuUen  No.  1  mine  by  R.  D. 
Killian  cm  November  10, 1910. 

Sample  11177  was  taken  at  the  south  face,  600  feet  from  the  shaft,  and  represents  2 
feet  6  inches  of  coal.  There  was  a  "sulphur"  band  one-sixteenth  inch  thick  near  the 
middle  of  the  bed. 

Sample  11178  was  taken  at  the  west  &ce,  400  feet  from  the  shaft,  and  represents  2 
feet  7  inches  of  coal.  There  was  a  soft-coal  ("mother  coal")  parting  about  one- 
sixteenth  indi  thick  near  the  Buddle  of  the  bed. 

Sample  11179  was  taken  at  the  northeast  &ce,  600  feet  from  the  shaft,  and  represents 
2  feet  6  inches  of  coaL  Thsire  was  a  "sulphur"  band  one-flixteenth  inch  thick  near 
the  middle  d  the  bed. 

A  composite  sample  was  made  by  combining  iace  samples  11177,  11178,  and  11179. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  imder  laboratory  No.  11180. 

NoU$. — ^The  fAkalt  is  40  feet  deep.  The  coal  is  mined  by  the  room-and^piUar  system . 
At  the  time  of  sampMng  the  coal  was  blasted  off  the  solid.  The  output  was  60  tons  a 
day. 

BATES  OOT7NTY. 

AlfflTBRDhAH.      No.  1  MlVE. 

Sample. — ^Bituminous  coal;  Foster  field;  analyses  Nos.  11306,  11307,  11308,  and 
11309  (pp.  42,  43). 

Mine. — No.  1,  in  sec.  20,  T.  41  N.,  R.  33  W.,  in  the  southern  part  of  the  village  of 
Amsterdam,  on  the  Kansas  City  Southern  Railway. 

Coal  bed. — ^Mulberry.  Carboniferous  age,  Pennsylvanian  series,  Pleasonton  shale. 
Thickness  variable,  average  about  2  feet;  bed  horizontal.  Roof,  calcareous  shale, 
oveiiain  by  limestone;  floor,  hard  clay,  imderlain  by  limestone.    Cover,  90  to  100  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian  on 
December  3,  1910. 

Sample  11306  was  taken  at  the  face,  400  feet  east  of  the  shaft. 

Sample  11307  was  taken  at  the  face,  400  feet  south  of  the  shaft. 

Sample  11308  was  taken  400  feet  southeast  of  the  shaft. 

The  lower  1  foot  of  coal  in  each  section  contained  bands  of  sulphur  and  bone. 

Each  sample  represents  2  feet  6  inches  of  coal,  the  thickness  of  the  bed. 

A  composite  sample  was  made  by  combining  isLce  samples  11306, 11307,  and  11308. 
The  results  of  an  ultimate  analysis  of  the  sample  are  given  under  laboratory  No.  11309. 

NoUs.— The  shaft  is  100  feet  deep.  The  mine  is  worked  by  the  room-and-pillar 
system.    At  the  time  of  sampling  the  output  was  about  25  tons  a  day. 

Hume.    No.  1  Mine. 

Sample.— Bitxanmoua  coal;  Foster  field;  analyses  Nos.  11226,  11227,  11228,  and 
11229  (p.  43). 

Mine.So.  1,  in  sec.  4,  T.  38  N.,  R.  33  W.,  Howard  Township,  4  miles  east  of  Hume 
and  10  miles  west  of  Rich  Hill,  on  a  branch  of  the  St.  Louis  &  San  Francisco  Railroad. 

Coal  bed. — ^Mulberry.  Carboniferous  age,  Pennsylvanian  series,  Pleasonton  shale. 
Thickness,  2  feet  6  inches  to  3  feet.  The  bed  lies  horizontal.  Roof,  "draw  elate" 
6  inches  thick,  overlain  by  shale  15  feet  thick;  floor,  soft  clay.    Cover,  about  50  feet. 

Tlie  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian  on 
November  21, 1910. 
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Sample  11226  was  taken  at  the  face,  900  feet  northwest  of  the  shaft. 

Sample  11227  was  taken  at  the  face,  1,100  feet  west  of  the  shaft. 

Sample  11228  was  taken  at  the  face,  700  feet  southwest  of  the  shaft. 

At  each  of  the  points  sampled  the  coal  bed  was  2^  feet  thick. 

A  composite  sample  was  inade  by  combining  face  samples  11226,  11227,  and  11228. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11229. 

NoU$. — ^The  shaft  is  35  feet  deep.  The  coal  is  mined  by  the  room-and-pillar  63rRtem. 
At  the  time  of  sampling  the  capacity  was  50  tons  a  day. 

New  Home.    New  Home  No.  1  Mine. 

i9amp2^.— Bituminous  coal;  Rich  Hill  field;  analyses  Nos.  11222,  11223,  11224,  and 
11226  (p.  43). 

i/tn«.— No.  1,  a  shaft  mine  in  sec.  30,  T.  39  N.,  R.  32  W.,  at  New  Home.  It  has 
railroad  focilitiee  for  shipment  over  the  St.  Louis  &  San  Frandsco,  the  Missouri  Pacific, 
and  the  Kansas  City  Southern  railroads. 

Coal  bed. — Lower  Rich  Hill.  Carboniferous  age,  Pennsylvanian  series,  Cherokee 
shale.  Thickness,  5  feet.  The  bed  is  horizontal  in  general  but  more  or  less  undulating. 
Roof,  limestone,  1  foot  thick,  overlain  by  shale  about  4  feet  thick;  floor,  clay,  6  feet 
thick.    Cover,  260  to  280  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  KiUian 
on  November  22,  1910. 

Sample  11222  was  taken  at  the  face,  200  feet  northeast  of  the  shaft,  and  represents 
5  feet  of  clean  coal. 

Sample  11223  was  measured  at  the  face,  150  feet  southeast  of  the  shaft,  and  represents 
5  feet  of  clean  coal. 

Sample  11224  was  measured  at  the  face,  200  feet  south  of  the  shaft,  and  represents 
5  feet  of  clean  coal. 

At  each  of  the  points  sampled  the  entire  thickness  of  the  bed  was  included. 

A  composite  sample  was  made  by  combining  face  samples  11222,  11223,  and  11224. 
The  results  of  an  ultimate  analynin  of  this  sample  are  given  under  laboratory  No.  11225. 

Notes. — The  shaft  is  278  feet  deep.  The  coal  is  mined  by  the  room-and-pillar 
system.    The  output  at  the  time  of  sampling  was  about  50  tons  a  day. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  116,  567. 

Rich  Hill.    Fleminq  Pit  No.l. 

SampleM.—Bituminom  coal;  Rich  Hill  field;  analyses  Nos.  11197,  11198,  11199, 
and  11200  (p.  43). 

iftn«.— Fleming  Pit  No.  1,  an  open-pit  mine  in  sec.  36,  T.  39  N.,  R.  32  W.,  2  miles 
northwest  of  Rich  Hill,  on  a  branch  of  the  Missouri  Pacific  Railway. 

Coal  bed. — Ix)wer  Rich  Hill.  Carboniferoiis  age,  Pennsylvanian  series,  Cherokee 
shale.  Thickness,  5  feet.  The  bed  lies  nearly  horizontal.  Roof,  shale,  4  feet  thick; 
floor,  hard  clay.    Cover,  13  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  pit  by  R.  D.  Killian  on 
November  19,  1910. 

Sample  11197  was  taken  at  the  face  on  the  north  side  of  the  pit. 

Sample  11198  was  taken  at  the  face  on  the  east  side  of  the  pit. 

Sample  11199  was  taken  at  the  face  on  the  south  side  of  the  pit. 

At  each  of  the  points  sampled  the  bed  was  5  feet  thick,  and  had  a  2-inch  ** sulphur" 
band  1  foot  10  inches  from  the  bottom.  Each  sample  represents  4  feet  10  inches  of 
coal,  the  2-inch  band  being  excluded. 
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A  compoeite  sample  wab  made  by  combining  face  samples  11197,  11198,  and  11199. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  11200. 

Notes. — ^At  the  time  of  sampling;  Fleming  Pit  No.  1  was  one  of  the  largest  strippinga 
near  Rich  Hill.    The  daily  output  was  about  50  tons. 

Rich  Hill.    Rifchie  Pits  Nob.  1  and  2. 

Sample, — Bituminous  coal;  Rich  Hill  field;  analyses  Nos.  11193,  11194,  11195,  and 
11196  (p.  44). 

JftrMJ.— Ritchie  Pits  No.  1  and  No.  2,  in  sec.  17,  T.  38  N.,  R.  31 W.,  2  miles  south  of 
Rich  Hill,  on  a  branch  of  the  Missouri  Pacific  Railroad. 

Coal  bed, — Lower  Rich  Hill.  Carboniferous  age,  Pennsylvanian  series,  Cherokee 
shale.  Thickness,  about  5  feet.  The  bed  is  slightly  incHned.  Roof,  black  shale,  4 
feet  thick;  floor,  clay.    Cover,  10  to  16  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  No.  1  pit  and  at  one  point  in 
No.  2  pit  by  R.  D.  Killian  on  November  18,  1910. 

Sample  11193  was  taken  at  the  face  on  the  north  side  of  open  pit  No.  1. 

Sample  11194  was  taken  at  the  face  on  the  south  side  of  open  pit  No.  1. 

At  each  of  the  above  points  the  bed  measured  4  feet  11  inches.  There  was  a  *' sul- 
phur" band  1  inch  thick  at  the  bottom  and  a  2-inch  band  of  '* lignite"  about  1  foot  8 
inches  from  the  bottom.    These  parts  were  excluded  from  the  samples. 

A  composite  sample  was  made  by  combining  face  samples  11193  and  11194.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11195. 

Sample  11196  was  cut  from  the  face  of  the  south  side  of  open  pit  No.  2.  The  bed 
measured  2  feet  at  this  point,  all  of  which  is  represented  in  the  sample. 

Notes, — ^At  pit  No.  1  a  slope  had  been  opened  and  undergroimd  work  was  being 
carried  on.    The  output  was  30  tons  a  day. 

BOONE  COUNTY. 

Columbia.    No.  1  and  No.  2  Mines. 

Samples, — Bituminous  coal;  Bevier  field;  analyses  Nos.  11475,  11476,  and  11477 
(p.  44). 

Mines, — ^No.  1  and  No.  2,  shaft  mines  in  the  Columbia  district,  in  sec.  4,  T.  48  N., 
R.  12  W.,  3}  miles  northeast  of  Columbia,  a  shipping  station  on  the  Wabash  Railroad. 

Coal  bed, — ^Bevier  (?).  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Average  thickness,  3  feet;  slight  dip  to  southeast.  Roof,  blue  calcareous  shale,  3 
feet  thick;  floor,  fire  clay.    Cover,  100  to  110  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  No.  1  mine  and  at  one  point  in 
No.  2  mine  by  R.  D.  Killian  on  December  17,  1910. 

Sample  11475  was  taken  at  the  i&cej  50  feet  west  of  the  shaft,  mine  No.  2. 

Sample  11476  was  taken  at  the  i&ce^  110  feet  north  of  the  shaft,  mine  No.  1. 

Sample  11477  was  taken  50  feet  west  of  the  shaft,  mine  No.  1. 

Each  sample  represents  3  feet  of  coal,  the  thickness  of  the  bed. 

Notes, — ^The  shafts  are  110  feet  deep.  The  coal  is  mined  by  the  room-ancfe^pillar 
system.  At  the  time  of  sampling  the  output  was  30  tons  a  day.  The  coal  was  used 
for  local  consumption. 

Columbia.    Pbatheb  No.  1  Mine. 

Sample, — ^Bituminous  coal;  Bevier  field;  analyses  Nos.  11479,  11480,  11481,  and 
11482  (p.  44). 

Mine, — Prather  No.  1,  a  shaft  mine  in  sec.  11,  T.  49  N.,  R.  12  W.,  4 J  miles  north  ol 
Columbia,  which  is  th^  nearest  shipping  point  on  the  Wabash  Railroad. 
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Coal  bid. — Bevier.  Carboniferoua  age,  Pennsylvanian  series,  Cherokee  shale. 
ThicknesB,  40  to  42  inches.  The  bed  is  mere  or  less  unduladng  with  a  dight  dip  to 
the  southeast.    Roof,  black  shale;  floor,  hard  fire  clay.    Cover,  35  to  65  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  KLUian  on 
December  17,  1910. 

Sample  11479  was  taken  at  the  ia^c^,  600  feet  southwest  of  the  shaft 

Sample  11480  was  taken  at  the  ibce,  600  feet  west  of  the  shaft. 

Sample  11481  was  taken  at  the  ibce,  800  feet  east  of  the  shaft. 

At  each  of  the  points  sampled  the  bed  was  3  feet  6  inches  thick,  all  of  which  was 
included  in  the  sample. 

There  is  an  18-inch  bed  of  coal  30  feet  above  the  bed  mined  and  an  18-inch  bed  of 
coal  about  10  feet  below  it. 

A  composite  sample  was  made  from  face  samples  11479,  11480,  and  11481.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11482. 

Notes. — ^The  shaft  is  36  feet  deep.  The  coal  is  mined  by  the  room-and-pillar 
method.  At  the  time  of  sampling  the  capacity  was  35  tons  a  day;  the  coal  was  used 
for  local  purposes. 

CALLAWAY  COTJNTY. 
Fulton.    No.  1  Mine. 

Sample. — Bituminous  coal;  Bevier  field;  analyses  Nos.  11501,  11502,  11503,  and 
11504  (p.  45). 

Mine.-— No.  1,  a  shaft  mine  in  sec.  18,  T.  47  N.,  R.  9  W.,  2  miles  southwest  ol  Fulton, 
on  a  spur  of  the  Chicago  &  Alton  Railroad. 

Coal  bed. — Bevier.  Carboniferous  age,  P^insylvanian  series,  Cherokee  shale. 
Thickness,  2  feet  6  inches.  The  bed  lies  practically  horizontal.  Roof,  soft  shale 
mixed  with  clay,  about  12  inches  thick,  above  the  shale  is  a  limestone  cap  rock  14 
feet  thick;  floor,  hard  fire  clay.    Cover,  90  to  110  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian 
on  December  20,  1910. 

Sample  11501  was  taken  at  the  face,  1,000  feet  east  of  the  shaft. 

Sample  11502  was  taken  at  the  face,  600  feet  northeast  of  the  shaft. 

Sample  11503  was  taken  at  the  face,  600  feet  southwest  of  the  shaft. 

Each  sample  represents  2  feet  6  inches  of  coal,  the  thickness  of  the  bed. 

A  composite  sample  was  made  by  combining  face  samples  11501,  11502,  and  11503. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11504. 

Notes. — The  mine  is  opened  by  a  shaft  92  feet  deep  and  is  worked  by  the  longwall 
system.  At  the  time  of  sampling  the  output  was  40  tons  a  day;  most  of  the  coal  was 
used  locally. 

EABBISON  COT7NTT. 

Cainesville.    Cainesville  Mine. 

iSamp^tf.— Bituminous  coal;  Cainesville  field;  analyses  Nos.  12679,  12660,  and 
12681  (p.  45). 

mine. — Cainesville,  a  shaft  mine  in  sec.  13,  T.  65  N.,  R.  26  W.,  at  Cainesville,  on 
the  Chicago,  Burlington  &  Quincy  Railroad. 

Coal  bed. — Cainesville.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Roof,  drab  to  black  shale;  floor,  hard  sandy  clay.  Thickness,  3  feet  8  inches  to  5 
feet;  average,  4  feet.    Cover,  480  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  Henry  Hinds 
on  September  26,  1911. 

Sample  12679  was  taken  in  the  main  west  air  course,  600  feet  west  and  50  feet  north 
*^e  shaft,  and  represents  3  feet  lOi  inches  of  coal. 
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Sample  12680  was  taken  in  south  entry  2,  off  the  main  east  entry,  150  feet  east  and 
350  feet  south  of  the  shaft,  and  represents  3  feet  9}  inches  of  coal. 

Sample  12681  was  taken  in  south  entry  2,  off  the  main  west  entry,  400  feet  south- 
west of  the  shaft,  and  represents  3  feet  9i  inches  of  coal.  Each  sample  represents  the 
entire  thickness  of  the  bed. 

Melbournb.  Trbntok  No.  1  Mike. 

Sample.— BitnmmoMB  coal;  analyses  Nos.  11374,  11375,  11376,  and  11377  (p.  45). 

Mine, — ^Trenton  No.  1,  a  shaft  mine  in  sec.  25,  T.  62  N.,  R.  26  W.,  one-fourth  mile 
east  of  Melbourne,  near  the  county  line,  and  on  the  Quincy,  Omaha  &  Kansas  City 
Bailioad. 

Coal  bed, — Lexington.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  3  feet.  The  bed  lies  practically  horizontaL  Roof,  shale  8  inches  thick, 
overlain  by  calcareous  shale  2  feet  thick.    Floor,  hard  clay.    Cover,  138  feet. 

The  bed  was  Eieasured  and  sampled  at  three  points  in  the  mine  by  R.  D.  KiUian 
on  December  7, 1910. 

Sample  11374  was  taken  at  the  fBce,  90  feet  south  of  the  shaft. 

Sample  11375  was  taken  at  the  fttce,  85  feet  northeast  of  the  shaft. 

Sample  11376  was  taken  at  the  kce,  30  feet  north  of  the  shaft. 

At  each  of  the  points  sampled  the  bed  was  3  feet  thick.  There  was  a  2-inch  band 
of  clay  and '  *  sulphur ' '  1  foot  below  the  top  of  the  coal.  This  was  excluded  in  sampling 
the  coal.  There  was  shale  above  the  coal.  Below  the  coal  was  soft  clay  about  3 
inches  thick,  underlain  by  hard  clay. 

A  composite  sample  was  made  by  combining  &u:e  samples  11374, 11375,  and  11376. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  imder  laboratory  No. 
11377. 

Notes, — ^The  mine  is  opened  by  a  shaft  about  140  feet  deep  $^  is  worked  by  the 
longwall  system.    At  the  time  of  sampling  the  output  was  25  tons  a  day. 

HEinstY  coxTirrY. 

Calhoun.    Parks  No.  1  Mine. 

Sample, — ^Bituminous  coal;  Lewis  field;  analyses  Nos.  11314,  11315,  11316,  and 
11317  (p.  46). 

Jtftn^.— Parks  No.  1,  a  drift  mine  in  sec.  25,  T.  34  N.,  R.  26  W.,  2}  miles  west  of 
Calhoun,  on  the  Missouri,  Kansas  &  Texas  Railway. 

Coal  bed, — ^Tebo.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale.  Thick- 
nesSy  2  feet  8  inches.  The  bed  lies  horizontal.  Roof,  shale  3}  feet  thick,  overlain  by 
limestone  20  inches  thick.    Floor,  soft  fire  clay.    Cover,  about  15  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian 
on  November  30,  1910. 

Sample  11314  was  taken  at  the  &ce,  700  feet  southeast  of  the  mine  mouth. 

Sample  11315  was  taken  at  the  face,  700  feet  southwest  of  the  mine  mouth. 

Sample  11316  was  taken  at  the  face,  800  feet  west  of  the  mine  mouth. 

At  each  of  the  points  sampled  the  bed  measured  2  feet  8  inches.  There  was  a 
^sulphur''  band  1  inch  thick  about  1  foot  4  inches  from  the  top  of  the  coal.  This 
was  excluded  in  sampling. 

A  composite  sample  was  made  by  combining  face  samples  11314, 11315,  and  11316. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  imder  laboratory  No. 
11317. 

Notes. — ^The  coal  is  mined  by  the  longwall  system.  At  the  time  of  sampling  the 
output  was  35  tone  a  day. 
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CuNTON.    Lake  No.  1  Mine. 

5am/>^.— Bituminoiifl  coal;  Lewis  field;  analyBes  Noe.  11248,  11249,  11250,  and 
11251  (p.  46). 

Mine, — Lane  No.  1,  a  slope  nune  in  sec.  28,  T.  42  N.,  R.  26  W.,  3}  miles  northwest 
of  Clinton,  with  connections  to  the  St.  Louis  &  San  Francisco  Railroad. 

Coal  bed. — ^Tebo.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale.  Thick- 
nesB,  2  feet  6  inches.  The  bed  dips  sh^tly.  Roof,  calcareous  shale;  floor,  clay. 
Cover,  18  to  20  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  KiUian  on 
November  25,  1910. 

Sample  11248  was  taken  at  the  face,  210  feet  northwest  of  the  mine  mouth,  and  rep- 
resents 2  feet  6  inches  of  clean  coal. 

Sample  11249  was  taken  at  the  face^  300  feet  northeast  of  the  mine  mouth,  and  rep- 
resents 2  feet  6  inches  of  clean  coal. 

Sample  11250  was  taken  at  the  face,  230  feet  north  of  the  mine  mouth,  and  represents 
2  feet  6  inches  of  clean  coal. 

At  each  of  the  points  sampled  the  entire  thickness  of  the  bed  was  included. 

A  compoate  sample  was  made  from  face  samples  11248,  11249,  and  11250.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11251. 

Notes. — The  mine  is  worked  by  the  longwall  system.  At  the  time  of  sampling  the 
daily  output  was  20  tons. 

Clinton.    Neil  No.  1  Mine. 

^amp20.— Bituminous  coal;  analyses  Nos.  11302,  11303,  11304,  and  11305  (p.  46). 

JtftTi^.— Neil  No.  1,  a  shaft  mine  in  sec.  34,  T.  42  N.,  R.  26  W.,  1  mile  north  of  Clinton, 
on  the  St.  Louis  &  San  Francisco  Railroad. 

Coal  bed. — Not  correlated.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  2  feet  6  inches.  The  bed  lies  practically  horizontal.  Roof,  siliceous  Ume- 
fltone  6  feet  thick;  floor,  clay.    Cover  at  points  of  sampling,  25  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  KiUian  on 
December  1, 1910. 

Sample  11302  was  taken  at  the  face,  200  feet  southwest  of  the  shaft 

Sample  11303  was  taken  at  the  face,  100  feet  northwest  of  the  shaft. 

Sample  11304  was  taken  75  feet  east  of  the  shaft. 

At  each  of  the  points  sampled  the  bed  was  2  feet  6  inches  thick,  with  a  2-inch  ''sul- 
phur'' band  10  inches  from  the  top.  This  was  excluded  from  the  samples,  which 
represent  2  feet  4  inches  of  coal. 

A  composite  sample  was  made  by  combining  face  samples  11302, 11303,  and  11304. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  imder  laboratory  No. 
11306. 

Notes. — ^The  mine  is  opened  by  a  shaft  about  30  feet  deep  and  is  worked  by  the  long- 
wall  method.  At  the  time  of  sampling  the  output  was  12  tons  a  day.  The  coal  was 
used  for  local  purposes. 

Clinton.    Pharis  No.  1  Mine. 

Sample. — Bitimiinous  coal;  Jordan  field;  analyses  Nos.  11370,  11371,  1137^,  and 
11373  (p.  47). 

Mine.—'PhaiiB  No.  1,  a  shaft  mine  in  sec.  7,  T.  41  N.,  R.  26  W.,  2  miles  east  of  CUn- 
ton,  on  the  St.  Louis  &  San  Francisco  Railroad. 

Coal  bed. — Jordan.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  1  foot  10  inches.  The  bed  lies  practically  hmzontal.  Roof,  blue  shale 
2}  feet  thick,  overlain  by  calcareous  shale  10  feet  thick;  floor,  fire  clay.  Cover  at 
point  of  sampling,  30  feet. 
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The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Eillian  on 
December  1,  1910. 

Sample  11370  was  taken  at  the  face,  100  feet  west  of  the  shaft. 

Sample  11371  was  measured  at  the  face,  100  feet  south  of  the  shaft. 

Sample  11372  was  measured  at  the  face,  50  feet  east  of  the  shaft. 

At  each  of  the  points  sampled  the  bed  was  1  foot  10  inches  thick,  with  a  2-inch 
''sulphur*'  band  about  8  inches  from  the  top  of  the  bed.  This  was  excluded  in  sam- 
pling, each  sample  representing  1  foot  8  inches  of  coal. 

A  composite  sample  was  made  by  combining  face  samples  11370,  11371,  and  11372. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No. 
11373. 

Notes. — ^The  mine  is  opened  by  a  shaft  about  35  feet  deep,  and  is  worked  by  the 
room-and-pillar  system.    The  daily  output  at  the  time  of  sampling  was  14  tons. 

Clinton .    Sheldon  No.  1  Mine. 

Sample. — Bituminous  coal,  Jordan  field;  analyses  Nob.  11262,  11263,  11264,  and 
11265  (p.  47). 

Mine. — Sheldon  No.  1,  a  shaft  mine  in  sec.  25,  T.  41 N.,  R.  26  W.,  3  miles  southeast 
of  Clinton,  on  the  St.  Louis  &  San  Francisco  Railroad  and  the  Kansas  City  Southern 
Railway. 

Coal  bed. — Jordan.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  2  feet  2  inches.  The  bed  lies  practically  horizontal.  Roof,  shale,  7  feet 
thick;  floor,  fire  clay.    Cover  at  points  of  sampling,  35  feet. 

•    The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian  on 
November  23, 1910. 

Sample  11262  was  taken  at  the  face,  80  feet  southwest  of  the  shaft,  and  represents 
2  feet  2  inches  of  clean  coal. 

Sample  11263  was  taken  at  the  face,  110  feet  south  of  the  shaft,  and  represents  2  feet 
2  inches  of  clean  coal. 

Sample  11264  was  taken  at  the  face,  110  feet  southeast  of  the  shaft,  and  represents 
2  feet  2  inches  of  clean  coal. 

At  each  of  the  points  sampled  the  entire  thickness  of  the  bed  was  included. 

A  composite  sample  was  made  from  face  samples  11262,  11263,  and  11264.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11265. 

Notes. — ^The  shaft  is  about  40  feet  deep.  The  coal  is  mined  by  the  longwall  system. 
At  the  time  of  sampling  the  output  was  20  tons  a  day. 

Deepwater.    Dickey  No.  1  Prr. 

Sample. — Bituminous  coal,  Jordan  field;  analyses  Nos.  11310,  11311,  11312,  and 
11313  (p.  47). 

MtM. — Dickey  No.  1,  an  open-pit  mine  in  sec.  14,  T.  40  N.,  R.  26  W.,  in  the  eastern 
part  of  the  city  of  Deepwater,  on  the  Kansas  City,  Clinton  <&  Springfield  Railway. 

Coal  bed. — Jordan.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  26  inches.  The  bed  is  horizontal.  Roof,  shale,  2  to  4  feet  thick,  overlain 
by  15  feet  of  clay  and  soil;  floor,  fire  clay. 

The  bed  was  measured  and  sampled  at  three  points  in  the  pit  by  R.  D.  Killian  on 
December  1, 1910. 

Sample  11310  was  taken  at  the  face  on  the  north  side  of  the  pit. 

Sample  11311  was  taken  at  the  face  on  the  east  side  of  the  pit. 

Sample  11312  was  taken  at  the  face  on  the  west  side  of  the  pit. 

At  each  of  the  points  sampled  the  bed  was  2  feet  2  inches  thick,  with  a  2-inch  ''sul- 
phur "  band  about  8  inches  from  the  top.  This  band  was  excluded  from  the  samples, 
which  represent  2  feet  of  coal. 

47eW~BuU.  8&— 14 ^15 
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A  composite  sunple  was  made  from  byce  samples  11310,  11311,  and  11312.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11313. 

Notes, — ^The  mine  is  woriced  as  an  open  pit.  At  the  time  of  sampling  the  ou^mt  was 
10  tons  a  day,  for  local  use. 

Dkxpwatkr.    Huner  No.  1  Mine. 

Sample. — Bituminous  coal,  Jordan  field;  analyses  Nos.  11252,  11253,  11254,  and 
11255  (p.  47). 

Mine.—Bunt  No.  1,  a  shaft  mine  in  sec.  13,  T.  40  N.,  R.  26  W.,  three-fourths  of  a 
mile  east  of  Deepwater,  with  connections  to  the  St.  Louis  A  San  Francisco  Railroad. 

Coal  bed. — Jordan.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  3  feet  4  inches.  The  bed  lies  practically  hmzontal.  Roof,  dark  gray 
shale;  floor,  soft  clay.    Cover,  54  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  KiUian  on 
November  26,  1910. 

Sample  11252  was  taken  at  the  face,  100  feet  northeast  of  the  diaft,  and  represents 

3  feet  4  inches  of  clean  coal. 

Sample  11253  was  taken  at  the  face,  350  feet  west  of  the  shaft,  and  represents  3  feet 

4  inches  of  clean  coal. 

Sample  11254  was  taken  at  the  face,  450  feet  northwest  of  the  shaft,  and  represents 
3  feet  4  inches  of  clean  coal. 

At  each  of  the  points  sampled  the  entire  thickness  of  the  bed  was  included. 

A  composite  sample  was  made  by  combining  face  samples  11252, 11253,  and  11254. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11255. 

Notes. — ^The  shaft  is  60  feet  deep.  The  room-and-pillar  system  of  mining  is  em- 
ployed. The  coal  is  delivered  to  the  railroad  by  a  tramway  1,100  feet  long.  At  the 
time  of  sampling  the  output  was  65  tons  a  day.  The  coal  was  marketed  in  the  nei^- 
boring  towns  along  the  Frisco  Railroad. 

Lxwis.    Pioo  No.  1  Mini. 

Sample.— BiiummoMB  coal,  Lewis  field;  analyses  Nos.  11267, 11268, 11269,  and  11270 
(p.  48). 

Mine.--Figg  No.  1,  a  shaft  mine  in  sec.  9,  T.  42  N.,  R.  25  W.,  three-fourths  of  a  mile 
north  of  Lewis,  connected  by  a  tramway  to  the  Missouri,  Kansas  &  Texas  Railway. 

Coal  bed.— Teho.  Carboniferous  age,  PennsylvaDian  series,  Cherokee  shale.  Tliick- 
nesB,  2  feet  6  inches.  The  bed  lies  practically  horizontal.  Roof,  shale  3  feet  thick, 
overlain  by  hard  limestone  10  to  20  inches  thick;  floor,  soft  clay.  Cover  at  points  of 
sampling,  34  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  KiUian, 
on  November  28,  1910. 

Sample  11267  was  taken  at  the  face,  1,300  feet  west  of  the  shaft,  and  represents  2  feet 
6  inches  of  clean  coal. 

Sample  11268  was  taken  at  the  face,  1,300  feet  southwest  of  the  shaft,  and  represents 
2  feet  6  inches  of  coal. 

Sample  11269  was  taken  at  the  face,  1,400  feet  southwest  of  the  shaft,  and  represents 
2  feet  6  inches  of  coal. 

At  each  of  the  points  sampled  the  entire  thickness  of  the  bed  was  induded. 

A  composite  sample  waft  made  by  combining  frkce  samples  11267, 11268,  and  11209. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11270. 

Notes.— Tho  mine  is  opened  by  a  shaft  50  feet  deep  and  is  worked  by  the  longwall 
system.  At  the  time  of  sampling,  punching  machines  operated  by  compressed  air 
wera  used  for  undercutting  the  coal.    The  daily  output  was  65  tons. 
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Brookfield.    Crandall  No.  1  Mine. 

Sample. — Bituminous  coal;  Marceline  field;  analysee  No6.  11421,  11422,  11423,  and 
11424  (p.  48). 

Mine. — Crandall  No.  1,  a  shaft  mine  in  sec.  20,  T.  57  N.,  R.  19  W.,  1}  miles  east  of 
Brookfield  near  the  Chicago,  Burlington  A  Quincy  Bailroadl 

Coal  bed. — ^Tebo.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale.  Thick- 
nesB,  2  feet  2  inches.  The  bed  lies  horizontal.  Boof,  fire  clay,  4  inches  thick,  over- 
laih  by  blue  shale  51  feet  thick;  floor,  soft  fire  clay  3  inches  thick,  underlain  by  hard 
clay.    Cover,  155  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  KiUian, 
on  December  12, 1910. 

Sample  11421  was  taken  at  the  face,  750  feet  southeast  of  the  shaft. 

Sample  11422  was  taken  at  the  face,  750  feet  southwest  of  the  shaft. 

Sample  11423  was  taken  at  the  face,  800  feet  east  of  the  shaft. 

At  each  of  the  points  sampled  the  bed  was  2  feet  5  inches  thick,  with  a  3-inch  parting 
of  soft  fire  clay,  about  2  feet  2  inches  from  the  top.  Each  sample  represents  2  feet  2 
inches  of  coal,  the  parting  being  excluded. 

A  composite  sample  was  made  by  combining  face  samples  11421,  11422,  and  11423. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  imder  laboratory  No.  11424. 

Notes. — ^The  shaft  is  140  feet  deep.  The  longwall  system  of  mining  is  employed. 
At  the  time  of  sampling  the  daily  output  was  20  tons.  The  entire  output  was  sold  in 
and  around  Brookfield. 

Bbookfield.    Walker  No.  1  Mine. 

Sample. — Bituminous  coal;  Marceline  field;  analyses  Nos.  11413,  11414,  11415,  and 
U416  (p.  49). 

Mine. — ^Walker  No.  1,  a  shaft  mine  in  sec.  16,  T.  57  N.,  R.  19  W.,  3  miles  southeast  of 
Brookfield,  on  the  Chicago,  Burlington  &  Quincy  Railroad. 

Coal  bed. — ^Tebo.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  formation. 
Thickness,  2  feet  2  inches.  The  bed  lies  practically  horizontal.  Roof,  blue  shale ;  floor, 
soft  clay  4  inches  thick,  underlam  by  hard  clay.    Cover  at  points  of  sampling,  170  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian 
oa  December  12, 1910. 

Sample  11413  was  taken  at  the  foce,  250  feet  southwest  of  the  shaft. 

Sample  11414  was  taken  at  the  face,  200  feet  northeast  of  the  shaft. 

Sample  11415  was  taken  at  the  face,  200  feet  southeast  of  the  shaft. 

At  ettch  of  the  points  sampled  the  bed  was  2  feet  2  inches  thick,  all  of  which  is 
represented  in  the  samples.^ 

A  composite  sample  was  made  by  combining  face  samples  11413, 11414,  and  11415. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11416. 

NoU8. — ^The  shaft  is  about  175  feet  deep.  The  mine  is  worked  by  the  longwall 
method.    At  the  time  of  sampling  the  daily  output  was  10  tons;  it  was  used  locally. 

Maroeune.    Landreth  No.  1  Mine. 

Sample. — ^Bituminous  coal;  Marceline  field;  analyses  Nos.  11417,  11418,  11419,  and 
11420  (p.  49). 

Mine. — ^Landreth  No.  1,  a  shaft  mine  in  sec.  20,  T.  57  N.,  R  18  W.,  three-fourths  of  a 
mile  west  of  Marceline,  near  the  Atchison,  Topeka  &  Santa  Fe  Railway. 
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Coal  bed,— Teho.  Carboniferous  age,  Pennflylvanian  series,  Cherokee  shale.  Thick- 
ness, 2  feet  4  inches.  The  bed  lies  practically  horizontal.  Roof,  soft  blue  diale  31 
feet  thick;  floor,  clay.    Cover,  130  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian  on 
December  13,  1910. 

Sample  11417  was  taken  at  the  face,  600  feet  east  of  the  shaft,  and  represents  2  feet  4 
inches  of  clean  coal. 

Sample  11418  was  taken  at  the  &K:e,  600  feet  north  of  the  shaft,  and  represents  2  feet 
4  inches  of  clean  coal. 

Sample  11419  was  taken  at  the  face,  000  feet  south  of  the  shaft,  and  represents  2  feet 
4  inches  of  coal. 

At  each  of  the  points  sampled  the  entire  thickness  of  the  bed  was  included. 

A  composite  sample  was  made  by  combining  face  samples  11417, 11418,  and  11419. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11420. 

Notes. — ^The  mine  is  opened  by  a  shaft  about  130  feet  deep,  and  is  worked  by  the 
longwall  system.  At  the  time  of  sampling  the  daUy  output  was  25  tons.  The  coal 
^  hauled  by  wagon  to  Marceline,  where  it  is  used  for  domestic  and  steaming  purposes. 

FUTKAJC  OOXnTTY. 
Mendota.    Mkndota  No.  2  Mink. 

iSompJ^.— Bituminous  coal;  Mendota  field;  analyses  Nos.  11398,  11399,  11400,  and 
11401  (p.  49). 

Mine. — ^Mendota  No.  2,  a  shaft  mine  in  sec.  1,  T.  06  N.,  B.  18  W.,  1  mile  south- 
east of  Mendota  on  the  Chicago,  Burlington  A  Quincy  Bailxoad. 

Coal  &«/.— Lexington.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  3  feet.  The  bed  lies  horizontal.  Boof,  shale  18  inches  ^ck,  overlain  by 
calcareous  shale  16  feet  thick;  floor,  hard  fire  clay.    Cover,  65  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian  on 
December  10, 1910. 

Sample  11398  was  taken  at  the  face,  2,500  feet  southwest  of  the  shaft 

Sample  11399  was  taken  at  the  face,  3,200  feet  south  of  the  shaft. 

Sample  11400  was  taken  at  the  face,  3,100  feet  southeast  of  the  shaft. 

At  each  of  the  places  sampled  the  coal  was  3  feet  thick,  with  a  2-inch  clay  parting 
about  the  middle  of  the  bed.    The  parting  was  excluded  firom  the  samples. 

A  composite  sample  was  made  from  face  samples  11398, 11399,  and  11400.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11401. 

NoUt. — ^The  shaft  is  67  feet  deep.  A  combination  of  the  room-and-pillar  and  the 
longwall  systems  of  mining  are  used.  At  the  time  of  sampling  the  output  was  100 
tons  a  day.    The  coal  was  used  for  domestic  fuel  and  steaming  puiposes. 

Unionville.    Anderson  Mine. 

Sample. — Bituminous  coal;  Mendota  field;  analyses  Nos.  14880  and  14881  (p.  49). 

JfuM.— Anderson,  a  shaft  mine,  Unionville  district;  NW.  i  sec.  30,  T.  66  N.,  R. 
19  W. ;  2^  miles  northeast  of  Unionville. 

CotU  b«f.— Lexington.  Carboniferous  age;  Pennsylvanian  series;  Qierokee  shale. 
Roofy  black  '^  slaty  "  shale,  overlain  by  limestone;  floor,  day.  Thickness,  32  inches, 
furly  uniform. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  M.  Albertson  on 
October  10, 1912,  as  described  bek>w* 
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Sectiant  of  coal  bed  in  Anderson  mine. 


Section. 

LabontoryNo. 
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o  Exduded  firom  sample. 

Section  A  (flample  14880)  was  taken  175  feet  southwest  of  the  shaft. 
Section  B  (sample  14881)  was  taken  150  feet  east  of  the  shaft. 

BANDOLPH  GOT7NTY. 

HuNTflTiLLB.    Carson  No.  1  Minb. 

^ompj^.— Bituminous  coal,  Bevier  field;  analyses  Nos.  11452,  11453,  11454,  and 
11455  (p.  50). 

Mine. — Oaraon  No.  1,  a  shaft  mine  in  the  Huntsville  district;  sec.  36,  T.  54  N.,  R.  15 
W.;  in  the  southern  part  of  Huntsville,  on  the  Wabash  Railroad. 

Coal  bed. — ^Bevier.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  4  feet.  The  bed  lies  horizontal.  Roof,  blue  calcareous  shale  20  feet  thick ; 
floor,  hard  fire  clay.    Cover  at  points  of  sampling,  40  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian  on 
December  14, 1910. 

Sample  11452  was  taken  at  the  lace,  250  feet  southeast  of  the  shaft,  and  represents  4 
feet  of  clear  coal,  the  thickness  of  the  bed. 

Sample  11453  was  taken  at  the  ftu:e,  300  feet  north  of  the  shaft,  and  represents  4  feet 
of  clear  coal,  the  thickness  of  the  bed. 

Sample  11454  was  taken  at  the  ftu:e,  200  feet  southwest  of  the  shaft,  and  represents  4 
feet  of  clear  coal,  the  thickness  of  the  bed. 

A  composite  sample  was  made  by  combining  lace  samples  11452, 11453,  and  11454. 
'Die  results  of  an  ultimate  analysb  of  this  sample  are  given  under  laboratory  No.  11455. 

Notes. — The  mine  is  opened  by  a  shaft  about  40  feet  deep;  it  is  worked  by  the  room- 
and-inllar  system .  At  the  time  of  sampling  the  daily  output  was  10  tons.  The  coal  is 
sold  in  the  local  markets  at  Huntsville. 

HUNTSVILLB.      NOBTHBRN  No.  2  MiNB. 

Sample. — ^Bituminous  coal;  Bevier  field;  analyses  Nos.  11448,  11449,  11450,  and 
11461  (p.  50). 

Mine. — ^Northern  No.  2,  a  shaft  mine  in  the  Huntsville  district;  SE.  ^  sec.  36,  T.  54 
N .,  R.  15  W. ;  three-fourths  of  a  mile  south  of  Huntsville,  on  the  Wabash  Railroad. 

Coal  bed. — ^Bevier.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  4  feet.  The  bed  lies  horizontal .  Roof,  blue  calcareous  shale  30  feet  thick ; 
floor,  hard  fire  clay.    Cover  at  points  of  sampling  70  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian  on 
December  14,  1910. 

Sample  11448  was  taken  at  the  face,  4,000  feet  south  of  the  shaft,  and  represents  4 
feet  of  clear  coal. 

Sample  11449  was  taken  at  the  fsLce^  3,800  feet  northeast  of  the  shaft,  and  represents  4 
feet  of  clear  coal. 

Sample  11450  was  taken  at  the  foce,  3,500  feet  southeast  of  the  shaft,  and  represents  4 
ieet  of  clear  coal. 
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A  composite  Bample  was  made  by  combining  ftu:e  aamplee  11448, 11449,  and  11450. 
The  results  of  an  ultimate  anal3r8is  of  this  sample  are  given  under  laboratory  No.  11451 . 

Notea,— 'The  shaft  is  about  70  feet  deep;  the  room-and-pillar  system  of  miniog  is 
used.    At  the  time  of  sampling  the  output  was  600  tons  a  day. 

Rbnick.    Orbis  No.  1  IIinb. 

iSamp2«.— Bituminous  coal;  Bevier  field;  analyses  Nos.  11497,  11498,  11499,  and 
11500  (pp.  50, 51). 

Jfine.— Orris  No.  1,  a  shaft  mine  in  the  Higbee  district;  sec.  31,  T.  53  N.,  R.  13  W., 
one-quarter  mile  west  of  Renick,  on  the  Wabash  Railroad. 

Coal  6ecf.— Mulky.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness  1  foot  6  inches.  The  bed  lies  horizontal.  Roof,  shale  4  feet  thick,  ofverlain 
by  limestone  6  feet  thick ;  floor,  fire  clay  1  foot  6  inches  thick.  Cover  at  p(nnts  of  samp- 
ling, 60  feet. 

The  bed  was  measured  and  sampled  at  three  places  in  the  mine  by  R.  D.  Killian  on 
December  15,  1910. 

Sample  11497  was  taken  at  the  hce,  300  feet  southwest  of  the  shaft. 

Sample  11498,  was  taken  at  the  &ce,  300  feet  northwest  of  the  shaft. 

Sample  11499  was  taken  at  the  face,  300  feet  west  of  the  shaft. 

At  each  of  the  points  sampled  the  bed  was  1  foot  6  inches  thick,  all  of  which  mm 
included  in  sampling. 

A  composite  sample  was  made  by  mixing  face  samples  11497, 11498,  and  11499.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  tmder  laboratory  No.  11500. 

Notes.— The  shaft  is  about  60  feet  deep;  the  room-and-pillar  system  of  mining  is 
employed .  At  the  time  of  sampling  the  daily  output  was  10  tons;  the  coal  was  sold  in 
local  markets. 

BAY  COUNTY. 

YXBBABD.  YlBBARD  No.  1  MiMS. 

i9amp2e.— Bituminous  coal;  Lexington  field;  analyses  Nos.  11365,  11366,  11367, 
and  11368  (p.  51). 

Jftne.— Yibbaid  No.  1,  a  shaft  mine  in  the  Richmond  district;  sec.  27,  T.  53  N., 
R.  29  W.;  one-fourth  of  a  mile  south  of  Yibbaid,  on  the  Atchison,  Topeka  A  Santa 
Fe  Railway. 

Coal  bed. — Lexington.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  2  feet  2  inches.  Tlie  bed  lies  horizontal.  Roof,  "slate"  8  inches  thick, 
overlain  by  calcareous  shale  7  feet  thick;  floor,  clay.  Cover  at  points  of  sampling, 
400  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian 
on  December  5, 1910. 

Sample  11365  was  taken  at  the  face,  250  feet  south  of  the  shaft. 

Sample  11366  was  taken  at  the  &ce,  250  feet  east  of  the  shaft. 

Sample  11367  was  taken  at  the  face,  200  feet  west  of  the  shaft. 

At  each  of  the  points  sampled  the  bed  was  2  feet  2  inches  thick,  with  a  2-inch  "sul- 
phur" band  8  inches  from  the  top.  Each  sample  represents  2  feet  of  coal,  the  2-inch 
band  being  excluded. 

A  composite  sample  was  made  by  combining  face  samples  11365, 11866,  and  11367. 
The  xesults  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  11868. 

Notes. — ^The  mine  is  worked  by  the  longwall  system;  at  the  time  of  sampling  the 
outimt  was  12  tons  a  day.    The  coal  was  sold  in  the  local  market. 
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VBBNON  GOUKTY. 

MouNDViLLE.    Brown  No.  1  Mine. 

Sample.— BitandaouB  coal;  analyses  Nos.  11201,  11202,  11203,  and  11204  (p.  51). 

Mine. — Brown  No.  1,  a  shaft  mine  in  sec.  5,  T.  34  N.,  R.  32  W.,  at  the  northwest 
comer  of  Moundville,  on  the  Missouri  Pacific  Railway. 

Coal  bed. — Not  correlated.  Oarboniferous  age,  Pennsylvanian  series.  Thickness, 
5  feet  10  inches.  The  bed  lies  horizontal.  Roof,  dark  bluish  shale  8  feet  thick; 
floor,  hard  shale.    Ck>ver  at  points  of  sampling,  28  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian 
on  November  15, 1910. 

Sample  11201  was  taken  at  the  face,  40  feet  northwest  of  the  shaft. 

Sample  11202  was  taken  at  the  foce,  100  feet  northeast  of  the  shaft. 

Sample  11203  was  taken  at  the  ^e,  125  feet  north  of  the  shaft. 

Each  sample  represents  2  feet  2  inches  of  coal.  A  lower  bench  of  coal,  2  feet  4 
inches  thick,  was  separated  from  the  one  sampled  by  1  foot  4  inches  of  shale. 

A  ccnnpoeite  sample  was  made  by  combining  face  samples  11201, 11202,  and  11203. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  imder  laboratory  No. 
11204. 

Notes. — ^The  shaft  is  26  feet  deep;  the  mine  is  worked  by  room-ahd-pillar  83r8tem. 
At  the  time  of  sampling  the  daily  output  was  40  tons. 

Panama.    Jones  No.  1  Mine. 

Sample.— BitwnahkouB  coal;  Rich  Hill  field;  analyses  Nos.  11205, 11206,  11207,  and 
11208  (p  51). 

Mine. — Jones  No.  1,  a  shaft  mine  in  sec.  4,  T.  37  N.,  R.  31  W.,  2  miles  south  of 
Panama,  on  the  Missouri  Pacific  Railway. 

Coal  bed. — Rich  Hill.  Carboniferous  age,  Pennsylvanian  series,  Cherokee  shale. 
Thickness,  5  feet.  The  bed  lies  practically  horizontal.  Roof,  shale  1  foot  thick; 
floor,  soft  shale.    Cover  40  to  60  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  R.  D.  Killian 
on  November  16,  1910. 

Sample  11205  was  taken  at  the  ^e,  450  feet  east  of  the  shaft. 

Sample  11206  was  taken  at  the  ^e,  1,000  feet  southeast  of  the  shaft. 

Sample  11207  was  taken  at  the  face,  100  feet  east  of  the  shaft. 

At  each  of  the  points  sampled  the  coal  bed  was  5  feet  thick.  Above  the  coal  was  a 
"sulphur"  band  5  inches  thick,  which  was  overlain  by  the  shale  roof.  There  was 
shale  below  the  coal. 

A  composite  sample  was  made  by  combining  ^e  samples  11205, 11206,  and  11207. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
11208. 

Notes. — ^The  shaft  is  27  feet  deep;  the  mine  is  worked  by  the  room-and-pillar  system. 
At  the  time  of  sampling  the  coal  was  blasted  off  the  sotid;  the  daily  output  was  100 
tons. 

MONTANA. 
BLAINE  COUNTY. 

Cleveland.    Cook  Mine. 

Sample. — Subbitundnoua  coal;  Cleveland  field;  analysis  No.  14782  (p.  52). 
Jfi7i«.— Cook;  SW.  i  sec.  35,  T.  30  N.,  R.  20  £.,  about  4  miles  northeast  of  Cleveland 
post  office. 
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Coal  bed. — ^Not  named;  Judith  River  fonnaaon;  Cretaceoofl  age.    Hie  bed 
meaamed  and  aampled  at  one  point  in  the  mine  by  C.  F.  Bowen  and  Harvey  Baaaler 
on  September  22, 1912,  aa  diown  below: 

Section  of  coal  bed  in  Cook  mint. 


LAbofStorj  No. 
Boor,«hal«. 
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Floor,  ibale. 
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•  Not  indndad  io  fsmple. 

The  aample  waa  taken  from  the  face  of  the  entry,  about  500  feet  from  the  mine 
month. 

Notee. — ^The  mine  waa  operated  during  the  winter  months  and  has  an  output  of  about 
600  tons  a  year. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Ged.  Survey 
Bull.  541.    (In  press). 

OA&BOH  GOUNTY. 

Bbab  Cbbbk.    No.  2  Mine. 

Sample. — Subbituminous  coal;  Red  Lodge  field;  analyses  Nos.  15145  and  15151; 
15146  and  15152;  15147  and  15153;  15148  and  15154;  15149  and  15155;  and  15150  and 
15156.    (pp.  52,53). 

iftri€.— No.  2,  a  drift  mine  in  sec.  6,  T.  8  S.,  R.  21  E.,  IJ  miles  west  of  Bear 
Creek,  on  the  Montana,  Wyoming  &  Southern  Railroad. 

Coal  bed. — No.  2,  Tertiary  age,  Fort  Union  formation.  Average  thickness,  6  feet 
6  inches;  dip,  about  5^  southwest,  not  uniform.  Roof,  dark  shale  4  to  10  feet  thick, 
overlain  by  sandstone;  floor,  soft  smooth  fire  clay.  Particles  of  the  roof  and  floor  did 
not  mix  with  the  coal  in  mining.    Cover  at  the  points  of  sampling,  85  to  105  feet. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  O.  U.  Bradley  on 
November  28  to  30,  1912,  as  described  below: 

Sectiom  of  coal  bed  in  No.  2  mine. 


flection 

Laboratory  No 

Roof,  clay  (overlafn  by  ihale). 

Coal 

Coal,  bony 

Coal 

Clav  and  bony  coal 

Clay  or  bony  coal 

Floor,  flro  ciay. 

Tnlckn«M  of  b«d 

Thickness  of  coal  sampled . 


A 

B 

C 

D 

/   15145 
\   15151 

15140 

15147 

15148 

15152 

15153 

151M 

Ft.  in. 

Ft.  in. 

Ft.  in. 

Ft.  in. 

0    4 

0   6 

0    5 

0    7 

0    3 

0     i 

0    8 

0    3i 

2    7 

2    8 

4  lOi 

2    8 

0    1 

0     i 

•  «         •  • 

0     1 

0    3 

•  •         •  • 

•  •         «  • 

0    ^ 

0     h 

*  •         •  • 

•  •         •  • 

0  1 

2    8 

3    1 

•  •         •  • 

2    6 

S?l 

6    4 
6    4 

l^ 

6    31 
6    3! 

E 
15149 
15155 
Ft.  in, 

0    6 

0 

2 

0 

0 

0 

2 


2* 
6 

4 


5  9 

6  9 


Section  A  (samples  15145  and  15151)  was  measured  on  a  pillar  between  rooms  9 
and  10,  off  north  entry  2. 

Section  B  (samples  15146  and  15152)  was  measured  at  the  face  of  room  10;  125  feet 
off  west  entry  1. 

Section  0  (samples  15147  and  15153)  was  measured  at  the  face  of  room  9,  45  leet 
off  east  entry  9. 
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Section  D  (somplea  15148  and  15154)  was  measoied  at  the  face  of  the  cut-through 
in  room  22,  off  east  entry  4. 

Section  E  (samples  15149  and  15155)  was  measured  at  the  hce  of  room  11,  35  feet 
off  rock  tunnel  entry. 

A  composite  sample  was  made  by  mixirg  samples.  15146,  15147,  15148»  and  15149. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
15150. 

A  composite  sample  was  made  by  mixing  samples  Nos.  15152,  15153,  15154,  and 
15155.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory 
No.  15156. 

Notes. — ^The  coal  is  mined  by  the  room-and-piUar  system.  At  the  time  of  sampling, 
the  coal  was  undercut  by  chain  cutting  machines  and  broken  down  with  FF  black 
blasting  powder.  None  of  the  coal  was  shipped  as  run-of-mine.  The  tipple  was 
equipped  with  shaking  screens  12  feet  long  and  5  feet  wide  with  openings  2^  by  4 
inches,  screens  5  feet  wide  and  12  feet  long,  with  2-inch  openings,  and  a  revolving 
screen  12  feet  long  with  i  and  1}  inch  openings.  About  50  per  cent  of  the  coal  passed 
through  the  larger  screens.  The  screenings  were  conveyed  by  an  aerial  tramway  to 
the  dirt  dump.  There  were  no  pickers  employed.  The  lumps  were  large  and  appeared 
to  be  clean  coal.  There  were  two  loading  tracks  with  a  capacity  of  20  empty  and  20 
loaded  cars.  The  daily  output  of  the  mine  was  about  800  tons.  The  intent  was  to 
increase  the  output  to  1,000  or  1,200  tons  when  the  No.  3  seam  is  opened. 

Bear  Creek.    North  Side  and  SoirrH  Side  Mines. 

Sample. — Subbituminous  coal;  Red  Lodge  field;  analjrses  Nos.  15127  and  15133, 
15128  and  15132,  15129  and  15131, 15143  and  15144,  and  15130  and  15134  (p.  53). 

Mine. — ^The  North  Side  and  South  Side  mines  are  opened  by  drifts  in  sections  5 
and  6,  T.  8  S.,  R.  21  E.  The  tipple  is  1  mile  west  of  Bear  Creek,  on  the  Montana, 
Wyoming  &  Southern  Railroad. 

Coal  bed. — No.  3,  Tertiary  age.  Fort  Union  formation.  Average  thickness,  6  feet 
3  inches;  dip,  about  4^  southwest.  The  cleat  is  poorly  defined.  The  coal  bed  has 
two  irregular  bone  partings.  The  roof  is  a  dark  blue  shale  which  occasionally  comes 
down  with  the  coal;  above  the  shale  is  a  sandstone  cap  rock.  The  floor  is  a  soft 
smooth  fire  clay.  There  is  a  workable  coal  bed  80  feet  above  and  one  60  feet  below 
this  bed.  At  the  time  of  sampling,  particles  of  the  roof  and  floor  mixed  with  the 
coal  in  mining.    Cover  at  the  points  of  sampling,  75  to  130  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  South  Side  mine  on 
November  25,  1912,  and  at  one  point  in  the  North  Side  mine  on  December  1,  1912, 
by  O.  U.  Bradley,  as  described  below: 

Sections  of  coal  bed  in  South  Side  mine. 


Section 

Laboratory  No 

RooC,  blue  shale. 

Coal 

Clay  and  b(Hie 

Coal 

Bone 

Coal 

Floor,  clay. 

ThickneBB  of  bed 

Thjckneag  of  coal  sampled 


A 

B 

/  16127 
\  15133 

15128 

15132 

Ft.  in. 

Ft.  in. 

5     6 

5  7 

aO  8 

aO   4 

0  7 

•  •    •  • 

aO  4 

•  «    •  • 

0  10 

1   9 

7  11 

7  8 

6  11 

7  4 

C 

16129 
15131 
Ft.  in. 


5 
aO 

0 
aO 

0 


1 
6 
7 
2 
11 


7     2 
«     7 


a  Not  included  in  sample. 

Section  A  (samples  15127  and  15133)  was  measured  at  the  face  of  room  2,  off  north 
entry  1,  50  feet  in  from  entry. 
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Sectian  B  (nmplei  15128  and  15132)  was  meamired  in  the  crosBCut  from  the  main 
entry  to  the  back  entry,  350  feet  from  the  mouth  of  the  main  entry  and  75  feet  from 
the  face  of  the  back  entry. 

Section  G  (nmplea  15129  and  15131)  was  measured  at  the  face  of  the  fixBt  south  back 
entry,  150  feet  from  the  main  skype. 

A  composite  sample  was  made  by  mixing  samj^es  15127,  15128,  and  15129.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  15190. 

A  composite  sample  was  made  by  mixing  samples  15131,  15132,  and  15133.  The 
results  of  an  ultimate  analysb  ci  this  sample  are  given  under  laboratory  No.  15134. 

Section  qfcoal  bed  in  North  Side  mine. 


Laboratory  No 

Roof,  Uae  shale. 

Ooal 

Clay  and  bone 

Ooti 

Booe 

Coal 

Floor,  clay. 

Thidmcss  of  bed 

Thlcknen  of  coal  sampled. 


{ 


1514S 
15144 
J^  in. 

1  11 
0      1 

0    e 

0     1 

2  U 

6    e 

6     6 


The  above  section  (samples  15143  and  15144)  was  measured  on  the  last  pillar  on 
the  second  west  main  entry,  500  feet  from  the  drift  mouth. 

Notes. — ^At  the  time  of  sampling  the  North  Side  mine  was  almost  worked  out; 
advance  work  being  completed.  It  was  estimated  that  all  the  pillars  would  be  with- 
drawn within  one  and  one-half  years.  Twenty-seven  inches  or  more  of  bottom  coal 
had  been  left  in  the  mine. 

Tlie  South  Side  mine  was  a  new  mine  on  the  opposite  side  of  the  gulch  from  the 
North  Side  mine.  Tlie  coal  was  delivered  to  the  North  Side  tipple  over  a  wooden 
trestle  1,600  feet  long,  with  a  4  per  cent  grade.  At  the  time  of  sampling  all  the  work- 
ings in  the  South  Side  mine  were  narrow.  The  coal  was  cut  in  the  4  to  8-inch  parting 
with  machines  and  the  top  coal  mined  three  cuts  ahead  of  the  bottom  coal.  This 
was  the  first  mine  in  the  district  to  mine  the  bottom  coal  of  the  No.  3  bed;  the  lower 
bench  averages  27  inches  in  thickness.  The  coal  was  broken  down  with  FF  black 
blasting  powder.    Dynamite  was  sometimes  used  for  brushing  the  roof  and  floor. 

The  screening  equipment  consisted  of  shaking  screens  16  feet  long  and  6  feet  wide, 
in  three  sections:  an  8-foot  section  with  2-inch  openings,  a  4-foot  section  with  4-inch 
openings,  and  a  4-foot  section  with  0-inch  openings;  a  small  shaking  screen  14  feet 
long  and  6  feet  wide,  in  two  sections:  an  8-foot  section  with  IJ-inch  openings  and  a 
0-foot  section  with  l^inch  openings;  and  a  revolving  screen  12  feet  long  with  j-inch 
openings.  Four  per  cent  of  the  coal  was  shipped  as  run-of-mine.  Sixty-five  per 
cent  of  the  coal  going  to  the  screens  passed  through  the  0-inch  openings.  Pickers 
were  employed  on  picking  tables.  The  lumps  were  large  and  had  a  good  appearance. 
There  w&e  three  loading  tracks  with  a  capacity  of  25  empty  and  25  loaded  can. 
'nie  daily  output  was  300  tons.  There  was  about  600  acres  of  unmined  coal  tributary 
to  the  tipple. 

ghotjtbait  county. 
Bio  Sakdt.    Mackton  Minb. 

SampU. — Subbituminous  coal;  Big  Sandy  field;  analyses  Nos.  14613  and  14615 
(p.  54). 

Iftiu.— Mackton;  NW.  i  SW.  i  sec.  18,  T.  28  N.,  R.  14  £.,  6  miks  northeast  ci  Big 
Sandy. 
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Coal  M.— Mackton.  Tertimiy  age,  fort  Union  ftvmation.  ThkkneeB  about  7} 
feet;  d^>  40''  east. 

Tlie  bed  wae  measuied  and  sampled  at  two  points  in  the  mine  by  C.  F.  Bowen  and 
Harvey  Basder  on  August  12,  1912,  as  shown  below: 

Seetioni  of  coal  bed  in  Maekton  mine.. 


StetlQo. 

A 

14018 
Ft.  in. 

2   5 
aO    2 

0    6 
al    9 

2.  7 

7    6 
6    6 

B 

T^borttonr  Now  X 

14016 

Boof,»n<Mtow. 

CimL 

Ft.  in. 
1    6 

BoDe. 

aO    2 

GoaL 

1    8 

BoiM  ^^A  mul ...    X  a . 

•  1    8 

ctmi 

8    6 

TnlekiiMBoflMK] ..  .       , 

7    6 

'nifctTifwi  flC^Hml  aainpted 

6    1 

•  Not  iiichid«d  in  sample. 

Section  A  (sample  14613)  was  measured  at  the  face  of  the  north  entry  on  the  second 
level,  335  feet  below  the  mouth  of  the  slope  and  140  feet  from  the  mouth  of  the  entry. 

Section  B  (sample  14615)  was  measured  at  the  face  of  the  south  entry  on  the  first 
level,  150  feet  below  the  mouth  of  the  slope  and  250  feet  south  of  the  mouth  of  the 
entry. 

Sample  14613  represents  perfectly  fresh  coal.  Sample  14615  represents  coal  on 
which  no  mining  had  been  done  for  nearly  a  year  and  was  probably  scmiewhat  weath- 
ered. 

Notet, — ^The  dip  and  thickness  of  the  bed  are  burly  unif<^m  in  the  mine:  The  out- 
put wae  about  100  tons  a  day  during  the  winter  months  but  was  less  in  the  summer 


For  asalyees  and  deecriptiona  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  128,  595. 

For  a  description  of  the  geologic  relatkms  ci  this  coal  bed  see  U.  S.  Oeol.  Survey 
Bull.  541, 1914.    (In  press.) 

OUSTBB  COUNTY. 

TsERT.    Cameron  Mine. 

Sample.— Lignite;  Terry  field;  analysis  No.  10677  (p.  54). 

2iine. — Cameron,  an  open-pit  mine  in  sec.  24,  T.  12  N.,  R.  50  E.,  about  4  miles  west  of 
Teny,  which  is  the  nearest  station  on  the  Northern  Pacific  Railway  and  the  Chicago, 
Milwaukee  &  St.  Paul  Railway.  The  mine  is  about  one-fourth  of  a  mile  south  of 
the  railroads. 

Lignite  bed, — ^Unnamed.  Tertiary  age,  Fort  Union  formation.  Thickness,  7  feet  5 
indMs.  Roof,  soft  white  sandstone;  floor,  shale.  The  bed  was  measured  and  sampled 
at  one  point  in  the  pit  by  F.  A.  Herald  on  July  15,  1910,  as  described  below: 

Section  of  lignite  bed  in  Cameron  mine. 


LabontonrNo 

RmI,  soft  MOdsUns. 

Lignite 

PtftlDf. 

lifiSESI 

lignlto 

floor,  iliale. 

•Akikamoihtd 

•  Not  indoded  in  aui4>l0. 


10677 

Ft.  in. 

aO   8 

aO   8 

aZ    4 

8    6 

8    1 
3    6 
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Th«3  foot  4  tndi  bendi  above  the  ^ui  wampk&d  wm  nppumxQj  m  ptod  lignite 
10  the  lower  part  of  the  bed,  although  H  WIS  leported  at  the  mine  tfau  H  iHiniB  qi^^ 
and  doei  not  gjre  out  aa  mndi  heat.    At  the  time  of  aampling  the  mine  was  worked 
aa  an  open  pit  and  the  output  wae  only  one  or  two  wa^on  loeda  a  day. 

For  a  description  of  the  geologic  reUtionaof  this  lignite  bed  see  U.  8.  GeoL  Survey 
Bull.  4n,  1912,  p.  246. 

WBflTMORs.    Pnosracr. 

AnnpIe.^Lignite;  Baker  field;  analyaia  No.  10910  (p.  M). 

Jftn^.— Prospect  opening  in  sec.  34,  T.  6  N.,  B.  57  £.,  about  17  nulea  south  of  West- 
more,  whidi  is  the  nearest  railroad  station  on  the  Chicago,  Milwaukee  A  St.  Paul 
Railway. 

LigmU  6ttf.— Unnamed.  Tertiary  age.  Fort  Union  formation.  Thirknosw,  4  feet 
3  inches.  Above  the  lignite  ib  2  indies  of  bituminous  diale,  overlain  by  a  top  day. 
On  account  of  the  excessive  amount  of  water  in  the  opening  the  character  of  the 
floor  could  not  be  determined.  The  bed  was  sampled  by  C.  F.  Bowen  on  September 
13, 1910.    At  the  time  this  sample  was  taken  the  prospect  was  not  being  worked. 

For  a  description  of  the  geologic  relations  of  thiB  coal  bed  see  U.  S.  GeoL  Survey 
Bull.  471,  1912,  p.  220. 

DAWSON  COUNTY. 
Glbndivb.    Prospbct. 

Aimpte.—Lignite;  Sidney  field;  analysis  No.  10914  (p.  54). 

Jfin^.— Prospect  in  SW.  i  sec.  31,  T.  18  N.,  K.  57  £.,  15  mUes  northeast  of  Glendive, 
which  is  the  nearest  station  on  the  Northern  Pacific  Baihray. 

LigniU  bed. — ^B.  Tertiary  age,  Fort  Union  formation.  Thicknen,  5  feet.  Boof, 
idiite  clay;  floor,  grayish  clay.  The  bed  was  sampled  by  Eugene  Stebinger  on  July 
25,  1910.  The  sample  was  taken  on  the  rig^t  wall,  25  feet  from  the  outcrop.  The 
entry  was  caved  and  evidently  had  not  been  worked  for  some  years. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  GeoL  Survey 
Bull,  471,  1912,  p.  297. 

Glsndivb.    Sntdbr  Minb. 

Sample. — Lignite;  Glendive  field;  analysis  No.  11045  (p.  54). 

Iftn^.— Snyder,  NW  J  sec.  27,  T.  17  N.,  R.  55  E.,  about  6}  miles  north  of  Glendive, 
which  Ib  the  nearest  station  on  the  Northern  Pacific  Railway.  The  mine  is  about  6 
miles  from  the  railroad. 

LigniU  6ttf.~Second  or  middle  bed,  not  named.  Tertiary  age,  Fort  Union  formation. 
Thickness,  about  8  feet.  The  bed  was  sampled  at  one  point  in  the  mine  by  J.  H. 
Hance  on  October  4,  1910.  The  sample  was  taken  at  the  working  face,  about  80 
feet  from  the  mine  mouth. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  130,  610. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  (}eol.  Survey 
Bull.  471,  1912,  p.  278. 

FBBGUS  COUNTY. 
HiLQXR.    Stone  Minx. 

Sample. — Subbitumlnous  coal,  Lewistown  field;  analysis  No.  14495  (p.  54). 

J/tne.— Stone;  sec.  8,  T.  19  N.,  R.  19  E.,  about  13  miles  north  of  Hij^er. 

Coal  M.— Not  named.  Crotaceous  age,  Judith  River  f<»mation.  The  bed  was 
measured  and  sampled  at  one  point  in  the  mine  by  C.  F.  Bowen  and  Harvey  Basaler 
on  July  26, 1912,  as  shown  below: 
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Section  of  coal  bed  in  Stone  mine. 


LaboatoryNo. 
Roo^afaale. 
Cod 

ShAle 

Coal 

Shale 

Coal 

Sandstone. 


Coal 

Floor,  not  ftated. 

Thickness  of  bed 

Thkdmess  of  coal  sampled . 


14#6 

FU 

in. 

2 

0 

«0 

7 

0 

8 

00 

4 

0 

6 

00 

2 

0 

9 

•  0 

2 

aO 

5 

0 

5+ 

6+  0 

4 

4 

a  Not  faichided  in  sample^    < 

The  sample  was  taken  at  the  face  of  the  entry,  140  feet  from  the  mine  mouth  and 
represents  fresh  coal. 

Notet, — ^At  the  time  of  sampling  the  mine  was  not  a  regular  producer.  The  coal 
was  used  chiefly  as  fuel  for  traction  engines. 

For  a  description  of  the  geologic  relations  of  this  bed  see  U.  8.  Geol.  Survey  Bull. 
541. 

FLATHEAD  COUNTY. 

Flathead  Biybr.    Outcbop. 

Sample. — Subbituminous  coal;  Glacier  Park  field;  analysis  No.  12786  (p.  55). 

Locadon, — Natural  outcrop  in  bank  of  North  Fork  of  Flathead  Blver,  in  sec.  33, 
T.  34  N.,  R.  20  W. 

Coal  bed. — ^Not  named.  Tertiary  age.  The  bed  was  measured  and  sampled  below 
water  level  by  M.  B.  Campbell  on  October  2, 1911,  as  follows: 

Section  of  coal  bed  in  outcrop  in  sec,  SS,  T,  34  N,,  R.  20  W. 


LabontoryNo. 

Coal 

Oar 

^ 

Oar 

^ 

Chy 


Coal. 


Thlctness  of  bed. . .  ^ 

Thickness  of  coal  sampled. 


13786 
FL  in. 
2     6 
aO     8 


1 
•0 


0 
3 


oO    10 

•  0     8 

•  0    11 


6     9 
3     6 


a  Not  inohided  in  sample. 

Notes.— The  coal  represented  by  the  sample  was  weathered, 
sample  was  taken,  no  coal  had  been  mined  in  this  valley. 


Mi  the  time  the 


HISSOTTIiA  COTJKTY. 

Missoula.    Hell  Gate  Mine. 

Sample. — Subbituminous  coal;  analyses  Nos.  13541  and  13542. 

Iftns.^Hell  Gate,  a  slope  mine  in  sec.  4,  T.  13  N.,  B.  19  W.,  2  miles  north  of 


Coal  6e(f.— -Unnamed;  in  Tertiary  lake  beds,  probably  the  White  Biver  formation 
of  OUgocene  age. 
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Ssmple  13541  was  tiken  by  J.  T.  Paidee  on  September  90,  1911,  from  ocmJ  in  tiie 
bunker  at  the  month  of  the  mine  and  repteeented  nmH^-mine  ooal  from  a  bed 
6  feet  thick  in  the  east  entry. 

Sample  13542,  as  reported,  was  taken  by  H.  L.  Sbi^Mvd  in  tiie  east  entry,  306  feet 
from  the  flope,  and  represented  6  feet  10  inches  of  coal. 

NoUi. — ^At  the  time  the  mine  was  vinted  the  coal  was  used  fer  local  purposes. 
It  sladcs  on  exposure  and  will  not  stand  storage  nor  tran^Kirtation  to  any  considenible 
distance. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  8.  Greol.  Surrey 
BuH.  531,  p.  241. 

XITSBBLSHELL  COUNTY. 
Paintbd  Bock.    Sholz  Mime. 

Sample. — Bubbituminous  coal ;  analysis  No.  15114  (p.  55). 

Mine. — Sholz,  a  drift  mine  near  the  Great  Northern  Railway,  NW.  }sec.  14,  T.  5.  N., 
R.  22  £.,  near  Painted  Rock. 

Coal  bed. — ^Unnamed.  Cretaceous  age;  Judith  River  formation;  lenticular,  maxi- 
mum thickness  44  inches. 

The  bed  was  measured  and  sampled  at  one  place  in  the  mine  by  £.  G.  Woodruff  on 
September  10, 1912. 

The  mine  consisted  of  two  drifts,  a  north  one  110  feet  long,  and  a  south  one  80  feet 
long.  The  sample  was  taken  from  a  working  frtce  at  the  end  of  the  longer  drift,  and 
represents  2  feet  11  inches  of  coal.  There  was  shale  interlaminated  with  coal  above 
the  part  sampled,  and  sandy  shale  below  it. 

BOSEBXTD  COUNTY. 

Bighorn.    Prospect. 

Sample. — Subbitiuninous  coal;  Tullock  Creek  field;  analysis  No.  14755  (p.  55). 

loeoeton.— Prospect  in  the  NW.  i  N£.  i  sec.  2,  T.  4  N.,  R.  35  £.,  on  Unknown 
Creek,  6)  miles  east  of  Bighorn.    No  railroad  connection. 

Coal  6eef.— Not  named.  Cretaceous  or  Tertiary  age;  Lance  formation.  Character, 
variable  and  lenticular. 

The  bed  was  measured  and  sampled  by  C.  £.  Lesher  and  G.  S.  Rogers  on  September 
18, 1912. 

Section  of  coal  bed  in  prospect  j  6)  miles  east  of  Bighorn. 


LsbormtoiyNo 

Roof,  ihste  wd  thin  smdsUMM. 

CoA 

Ssndstooe 

Shili 

Cosl 

Bom 

Cod. 


Coia,  dirty. 


Oosl, 
noorsbste. 

ThlolaMnofbod 

Thtelnmii  of  ooal  aamplod. 


14755 
FU  In. 
flO     1 

flO  l} 

0  8 

flO  1} 

0  8 

0  3 


1     H 

3      » 
3     O] 


•  Not  faichided  in  sample. 

The  sample  was  taken  10  feet  from  the  sur&K^e  at  a  freshly  exposed  face,  but  probably 
represented  coal  from  the  weathered  part  of  the  bed.  No  mining  had  been  done  at 
this  prospect. 


I 
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TBTON  COUNTY. 
Browning.    J.  M.  Stone  Pbospect. 

Sample, — ^Bituminous  coal;  Blackfoot  field;  analysis  No.  12602  (p.  55). 

Mine,— J,  M.  Stone  prospect,  SE.  {  sec.  35,  T.  36  N.,  R.  12  W.,  on  middle  fork  of 
Ifilk  River,  22  nules  nortliweBt  of  Browning. 

Coal  bed. — ^The  bed  occurs  at  the  top  of  a  coarse  gray  sandstone  formation  of  Upper 
Cretaceous  age.  Roof,  clay-shale  2  feet  thick,  overi^  by  gray  sandstone;  floor,  clay. 
Thickness,  2  feet  8  inches;  dip,  40^  northeast.  The  bed  is  in  a  folded  and 'faulted  belt 
of  rocks.  The  coal  is  without  a  parting,  and  has  a  fine  cubic  grain,  a  graphite  black 
cdor,  and  a  jointed  structure  suggesting  torsion  due  to  folding.  The  bed  was  measured 
and  sampled  at  one  point  in  the  mine  by  Eugene  Stebioger  cm  September  10,  1911. 

Notes. — ^The  sample  was  cut  from  the  fiice  of  the  entry^  50  feet  in.  The  coal  was 
jnobably  slightly  weathered.    Mined  only  occasionally  for  domestic  use. 

Cut  Bank.    Aijjson  Pbospbct. 

Sample. — ^Bituminous  coal;  analysis  No.  12494  (p.  55). 

Mine.—Fioepect  of  A.  E.  Allison,  NE.  i  sec.  29,  T.  34  N.,  R.  6  W.,  on  Cutbank 
Creek,  5  nules  northwest  of  Cut  Bank. 

Coal  bed. — ^An  unnamed  coal  bed  occiuring  225  feet  above  the  base  of  the  Two  Medi- 
cine formation.  Upper  Cretaceous  age.  Lies  nearly  flat,  dipping  only  about  40  feet 
per  mile  westward.  Roof  and  floor  are  both  gray  clay,  the  coal  lays  on  a  persistent 
massive  gray  sandstone  bedrock  30  to  50  feet  thick. 

The  coal  is  1  foot  10  indies  thick  and  is  very  dirty,  containing  occasional  streaks  of 
clean  hard  coal.  The  bed  was  measured  and  sampled  by  Eugene  Stebinger  on  July 
24, 1911. 

NoU$. — ^The  sample  represents  partly  weathered  coal  from  the  prospect  entry,  under 
25  feet  of  cover.    Attempts  to  sell  thia  coal  for  local  use  were  not  successful. 

Cut  Bank.    Prospect. 

Sample. — Bituminous  coal;  analysis  No.  14109  (p.  55). 

Jfin«.— Prospect  open  cut;  SW.  }  sec.  26,  T.  33  N.,  R.  6  W.;  on  bank  of  Spring 
Creek,  4  miles  southwest  of  Cut  Bank. 

Coal  bed.—An  unnamed  coal  bed  occurring  225  feet  above  the  base  of  the  Two  Medi- 
cine formation.  Upper  Cretaceous  age.  Thickness,  11  inches.  Bed  Ues  almost  flat, 
dipping  only  40  feet  to  the  mile  to  the  west.  The  roof  and  floor  are  both  of  gray  day. 
The  coal  is  dean,  with  well-marked  joint  planes.  The  bed  was  measured  and  sampled 
by  Eugene  Stebinger  on  June  13, 1912. 

The  sample  was  taken  in  a  fresh  open  cut  under  4  feet  of  cover,  and  represents  partly 
weathered  coal. 

Vauer.    Blair  Mine. 

Sample. — Bituminous  coal;  Valier  field;  analysis  No.  12427  (p.  55). 

Ift7i€.— A.  G.  Blair,  a  drift  mine  in  the  NW.  {  sec.  32,  T.  31  N.,  R.  5  W.,  <m  Birch 
Creek,  8  miles  northwest  of  Valier. 

Coal  bed. — ^The  only  workable  bed  occurring  at  the  top  of  the  Eagle  sandstone,  of 
Upper  Cretaceous  age.  The  bed  lies  nearly  flat,  dipping  westward  only  20  to  80  feet  to 
the  mile.  Roof,  dark  gray  clay-shale,  containing  a  few  lenses  oi  masBiYe  gray  sandstone 
lying  directly  on  the  coal;  floor,  clay.  The  bed  was  measured  and  sampled  at  one 
place  in  the  mine  by  Eugene  Stebinger  on  July  12, 1911,  as  described  below. 
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Section  of  coal  bed  in  Blair  wine. 


LabontoryNo \MZI 

Ft,  m. 

Cod I         0     S 

Boot ;       aO     a 

CmI I         1    10 

Thlftiwofbed ;        2     5 

ThlftiwofcoalMmpied 3     3 

I 

•  Not  fadudsd  in  Hmi^ 

JVotef.—Tbe  mm^  was  taken  at  the  face  of  a  new  entry  in  150  feet,  in  fredily  mined 
cool.  The  uppCT  5  inches  was  hard  ooal  with  diiny  black  faces  and  showing  seme 
whitish  dirt.  The  bone  parting  was  persistent  and  regular.  The  lower  bench,  1  foot 
10  inches  thick,  was  hard  and  ftdrly  clean,  with  prominent  joint  i^anee,  causing  the 
coal  to  break  in  large  blocks.  At  the  time  of  sampling  the  mine  was  worked  inter- 
ndttently,  empbying  up  to  10  men,  supplying  a  local  trade  in  the  vicinity  of  Valier 
and  competing  succcerfully  with  coal  from  the  Great  Falls  field  and  Canadian  coal 
from  Lethbridge,  Alta. 

VAIXBY  COUNTY. 

Antelope.    Richardson  BIine. 

Sample. — Lignite;  Flentywood  field;  analysb  No.  14614  (p.  55). 

JA'n^.— Richardson;  a  drift  mine  in  NW.  i  N£.  {  sec.  21,  T.  34  N.,  R.  55  £.,  3  miles 
west  of  Antelope  and  12  miles  southeast  of  Flentywood. 

Lignite  M .—Designated  as  **  Richardson  bed  **  by  the  United  States  Geological  Sur- 
vey. The  bed  lies  about  800  feet  above  the  base  of  the  Fort  Union  formation  of  Ter- 
tiary age.  Quality  and  thickness  irregular.  Dip,  about  3}  feet  per  thousand  south- 
eastward. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  C.  M.  Bauer,  on 
August  12, 1912,  as  described  below: 

Section  of  lignite  bed  in  Richardson  mine. 


Laboratory  No 

Roof,  otrbouaoeoui  i  luUc. 

Lifiiito 

Shale,  bhM 

Lknito 

Floor,  brown  sbate. 

ThlolmMiofbtd 

ThJoknan  of  Upilt«  lamptod. 


14614 
Ft  <». 

3   1 
•  0    5 

5    2 

8    8 
8    3 


•  Not  Invaded  In  sample. 

The  sample  was  collected  200  feet  north  of  the  opening  on  the  east  side  of  the  entry, 
under  75  feet  of  cover. 

Noite, — The  lignite  of  this  mine  is  representative  of  lignite  mined  in  this  part  of 
Montana. 

For  a  description  of  the  geologic  relations  of  this  lignite  bed,  see  U.  8.  €^1.  Survey 
BuU.  541. 

Bainvillb.   Red  Bank  Mine. 

^amp20.— Lignite;  Culbertson  field;  analysis  No.  10898  (p.  55). 

Mine.—VMi  Bank,  an  open-pit  mine  in  sec.  10,  T.  28  N.,  R.  59  E.,  8  miles  northeast 
of  BainvillSi  which  is  the  nearest  station  on  the  Great  Northern  Railway. 

Lignite  M.— G,  of  the  United  States  C^logical  Survey.  Early  Eocene  age,  Fort 
Union  formation.    Thickness,  5  feet  6  inches.    The  lignite  is  mined  by  stripping  the 
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clay  and  soil  from  the  surface.  The  bed  was  sampled  at  one  place  in  the  pit  by  A.  L. 
Beekly  on  September  1,  1910.  The  upper  5  feet  of  the  bed  was  comparatively  dry; 
the  lover  6  inches  was  wet.  The  sample,  which  represents  the  full  thickness  of  the 
bed,  was  taken  at  the  face. 

For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  8.  Creol.  Survey 
Bull.  471,  1912,  p.  347. 

CCTLBBBTSON.     BbUBOOEB  MiNB. 

Sample. — Lignite;  Culbertson  field;  analysis  No.  10724.    (p.  56.) 

Mine, — ^Bru^ger;  sec.  8,  T.  28  N.,  R.  56  E.;  3  miles  north  of  Culbertson,  on  the 
Great  Northern  Railway. 

Lignite  bed. — E  bed  of  the  United  States  (geological  Survey.  Tertiary  age,  Fort 
Union  formation.    Thickness,  7  feet.    Koof,  a  gray  clay  shale;  floor,  blue  clay. 

The  lignite  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  A.  L.  Beekly 
on  July  26,  1910.  The  sample  was  taken  about  75  feet  north  of  the  mine  opening 
and  represents  7  feet  of  lignite,  the  thickness  of  the  bed.  The  lower  2^  feet  was 
hard  lignite,  the  next  2^  feet  was  somewhat  slacked  and  broken,  and  the  upper  2  feet 
was  hard  lignite.    The  roof  was  a  shaly  clay,  and  the  floor  blue  clay. 

Notes. — In  1910  the  mine  was  worked  only  in  the  winter  and  the  output  was  small. 

For  analyses  and  descriptions  of  other  samples  of  lignite  from  this  mine,  see  Bidl. 
22,  Bureau  of  Mmes,  1913,  pp.  135,  630. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  471,  1912,  p.  345. 

CULBBBTSON.      BUTTBBFIBLD  MiNB. 

Sample, — Lignite;  Culbertson  field;  analysis  No.  10727  (p.  56). 

Mine. — ^Butterfield,  in  sec.  3,  T.  27  N.,  R.  56  E.,  3}  miles  southeast  of  Culbertson, 
which  is  the  nearest  station  on  the  Great  Northern  Railway. 

Lignite  bed. — DD  bed  of  the  United  States  Geological  Survey.  Tertiary  age,  Fort 
Union  formation.    Thickness,  6  feet.    Roof,  sandy  shale;  fioor,  clay. 

The  bed  was  sampled  by  A.  L.  Beekly  on  July  18,  1910.  The  sample  was  taken 
about  150  feet  from  the  mouth  of  the  entry,  the  upper  18  inches  being  left  to  support 
the  roof,  and  represents  only  the  lower  4J  feet  of  the  bed. 

Notes, — ^The  lignite  is  hard  and  of  fair  quality.  The  woody  structure  is  so  evident 
that  it  is  often  difficult  to  determine  whether  it  is  'Vood"  or  coal.  The  lignite  is 
tough  and  elastic  and  requires  a  strong  blasting  powder.  At  the  time  of  sampling  the 
mine  was  small  and  produced  only  5  or  6  wagon  loads  a  day  during  the  winter  season. 

For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  S.  Geol.  Survey 
Bun.  471, 1912,  p.  340. 

CULBBBTSON.      DbMPSEY  MiNB. 

Sample. — Lignite;  Culbertson  field;  analysis  No.  10725  (p.  56). 

Mine. — Dempsey,  in  sec.  34,  T.  28  N.,  R.  56  E.,  3  miles  southeast  of  Culbertson, 
which  is  the  nearest  station  on  the  Great  Northern  Railway. 

Lignite  bed. — E  bed  of  the  United  States  Geological  Survey.  Tertiary  age,  Fort 
Union  formation.  Thickness,  6  feet  6  inches.  Roof,  sandy  clay;  floor,  shaly  clay. 
The  lignite  is  free  from  partings  and  consists  of  alternating  hard  and  soft  layers;  psort 
of  the  bed  is  brown. 

The  bed  was  sampled  at  one  point  in  the  mine  by  A.  L.  Beekly  on  July  21,  1910. 

Sample  10725  was  taken  at  the  face,  about  60  feet  northeast  of  the  mouth. 

Notes. — ^The  mine  was  not  being  worked  at  the  time  the  sample  was  taken. 

For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  S.  Geol.  Sur- 
vey Bull.  471,  1912,  p.  345. 

47664'-— BuU.  85—14 16 
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CXJLBEBTBOK.      PBOflFECT. 

Sample. — L^;mte;  Culbertson  field;  analyEb  No.  10726  (p.  56). 

Mtru.—Proepect,  in  sec.  34,  T.  28  N.,  R.  56  E.,  3  miles  southeast  of  Culbertstm,  on  the 
Northern  Pacific  Railway. 

LiffniU  bed, — F  bed  of  the  United  States  Geological  Survey.  Tertiary  age,  Fort 
Union  formation.  Thickness,  7  feet.  Roof,  sandy  shale;  floor,  blue  clay.  The 
lignite  is  soft  brown. 

The  bed  was  sampled  at  one  point  in  the  mine  by  A.  L.  Beekly  on  July  21,  1910.- 
The  sample  was  taken  in  the  entry,  about  50  feet  from  the  mouth  of  the  entry,  and  rep- 
resents 7  feet  of  lignite,  the  thickness  of  the  bed. 

Notes. — ^This  prospect  is  about  one-half  mile  from  the  Peck  mine.  It  was  not  being 
worked  at  the  time  the  sample  was  taken. 

For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  S.  Geol.  Survey 
BuU.  471,  1912,  p.  345. 

FrOID.      AsTROPB   BilNE. 

Sample. — Lignite;  Culbertson  field;  analysis  No.  11005  (p.  56). 

Mine. — ^The  Astrope,  a  local  mine  in  sec.  15,  T.  29  N.,  R.  55  E.,  5J  miles  southwest 
of  Froid,  which  is  the  nearest  station  on  the  Bainville  and  Plentywood  branch  of  the 
Great  Northern  Railway. 

Lignite  bed. — F  of  the  United  States  Geological  Survey,  early  Eocene  age.  Fort  Union 
formation.  Thickness,  6  feet.  The  upper  1  foot  is  soft,  dirty  lignite.  The  bed  was 
sampled  at  one  point  in  the  mine  by  A.  L.  Beekly  on  September  14, 1910.  The  sample 
was  taken  in  the  mine  115  feet  north  of  the  mine  mouth,  and  represents  the  lower  5  feet 
of  the  bed. 

Notes. — ^At  the  time  of  sampling  the  output  was  1  to  3  tons  a  day . 

For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  S.  Geol.  Survey 
BuU.  471,  1912,  p.  348. 

Fboid.    Prospect. 

Sample. — Lignite;  Culbertson  field;  analysis  No.  11004  (p.  56). 

Locati(m.—K  well  in  sec.  11,  T.  29  N.,  R.  55  E.,  3i  miles  southwest  of  Froid,  which 
is  the  nearest  station  on  the  Bainville  and  Plentywood  branch  of  the  Great  Northern 
Railway. 

Lignite  bed. — F  of  the  United  States  Geological  Survey,  early  Eocene  age,  Fort  Union 
formation.  Thickness,  7  feet,  10  inches.  Roof,  clay;  floor,  clay.  There  were  no 
partings  in  the  coal. 

The  bed  was  sampled  in  the  well  by  A.  L.  Beekly  on  September  14,  1910.  The 
well,  which  was  6  feet  in  diameter,  penetrated  the  bed  at  a  depth  of  30  feet  below 
the  surface. 

For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  S.  Geol.  Survey 

Bull.  471,  1912,  p.  348. 

Medicine  Lake.    Beloon  Mine. 

Sample. — Lignite;  Culbertson  field;  analysis  No.  10899  (p.  56). 

Mine. — Belgon,  an  open-pit  mine  in  sec.  4,  T.  31 N.,  R.  59  E.,  15  miles  east  of  Medi- 
cine Lake,  which  is  the  nearest  station  on  the  Bainville  and  Plentywood  branch  of  the 
Great  Northern  Railway. 

Lignite  bed. — No  name.  Early  Eocene  age,  Fort  Union  formation.  Thickness, 
10  feet. 

The  bed  was  measured  and  sampled  at  one  point  in  the  pit  by  A.  L.  Beekly  on 
September  6,  1910. 

The  sample  was  taken  from  the  fresh  working  face  where  the  bed  was  10  feet  thick, 
and  represents  7  feet  6  inches  of  hard,  tough  lignite,  with  a  woody  grain.    There  was  1 
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foot  6  inches  of  soft,  brownish-black  lignite  above  the  part  sampled  and  1  foot  of  wet, 
muddy  lignite  below  it.    The  roof  was  shale. 

For  a  description  of  the  geologic  relations  of  the  lignite  bed  see  U.  S.  Geol.  Survey 
BuU.  471,  1912,  p.  350. 

Medicine  Lake.    Coal  Ridoe  Mine. 

Sample, — Lignite;  Culbertson  field;  analysis  No.  11002  (p.  56). 

Mine, — Coal  Ridge,  a  drift  mine  in  sec.  8,  T.  34  N.,  R.  58  E.,  about  22  miles  northeast 
of  Medicine  Lake,  which  is  the  nearest  station  on  the  Bainville  and  Plentywood  branch 
of  the'  Great  Northern  Railway. 

Lignite  bed. — Known  as  the  Coal  Ridge,  early  Eocene  age.  Fort  Union  formation. 
Thickness,  10  to  16  feet.    The  bed  becomes  thinner  toward  the  west. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  A.  L.  Beckly  on 
September  23,  1910. 

The  sample  was  taken  at  the  face  of  the  entry,  about  400  feet  from  the  mine  mouth, 
where  the  bed  was  10  feet  thick.  The  sample  represents  6  feet  6  inches  of  lignite. 
The  upper  2  feet  are  left  for  roof,  and  the  lower  1  foot  6  inches  for  floor. 

Notes. — ^The  outcrop  lignite  was  badly  slacked  and  contained  thin  streaks  of  shale. 
The  lignite  at  the  outcrop  was  14  feet  thick. 

At  the  time  of  sampling  the  mine  was  small,  producing  only  about  3  tons  a  day. 

For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  S.  Geol.  Survey 
Bull.  471,  1912,  p.  352. 

Medicine  Lake.    Jones  Mine. 

Sample. — ^Lignite;  Culbertson  field;  analysis  No.  11006  (p.  56). 

Mine. — Jones,  in  sec.  30,  T.  33  N.,  R.  56  E.,  6  miles  northeast  of  Medicine  Lake, 
which  is  the  nearest  station  on  the  Bainville  and  Plentywood  branch  of  the  Great 
Northern  Railway. 

Lignite  bed. — ^Locally  known  as  Jones.  Early  Eocene  age.  Fort  Union  formation. 
Thickness,  about  7  feet.  Above  the  coal  is  a  sandy  clay;  in  mining,  1  foot  6  inches  of 
coal  is  left  for  roof. 

The  bed  was  sampled  at  one  point  in  the  mine  by  A.  L.  Beekly  on  September  19, 1910. 
The  sample  was  taken  250  feet  south  of  the  entry  mouth  and  represents  5  feet  6 
inches  of  lignite.    At  the  time  of  sampling  the  output  was  3  to  5  tons  a  day. 

For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  S.  Geol.  Survey 
BuU.  471,  1912,  p.  351. 

Medicine  Lake.    Ted  Young  Mine. 

Sample. — Lignite;  Culbertson  field;  analysis  No.  11003  (p.  56). 

Mine. — ^Ted  Young,  a  drift  mine  in  sec.  6,  T.  31  N.,  R.  56  E.,  2i  miles  southeast  of 
Medicine  Lake,  which  is  the  nearest  station  on  the  Bainville  and  Plentjrwood  branch 
of  the  Great  Northern  Railway. 

Lignite  bed. — ^Locally  known  as  Young.  Early  Eocene  age.  Fort  Union  formation. 
Thickness,  3  feet  6  inches.  The  bed  was  measured  and  sampled  at  one  point  in  the 
mine  by  A.  L.  Beekly  on  September  17,  1910.  The  sample  was  taken  about  300  feet 
southeast  of  the  entry  mouth  and  represents  3  feet  6  inches,  the  thickness  of  the  bed, 
of  hard,  black,  clean  lignite. 

For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  S.  Geol.  Survey 
BuB.  471,  1912,  p.  349. 

Mondak.    Open  Prr  Mine. 

Sample. — ^Lignite;  Culbertson  field;  analysis  No.  10900  (p.  57). 
Mine. — Open  pit  in  sec.  19,  T.  27  N.,  R.  59  E.,  7  miles  northwest  of  Mondak,  on  the 
Great  Northern  Railway,  and  1}  miles  from  the  railway. 
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LiffniU  hed.—G  of  the  United  States  Geological  Survey.  Early  Eocene  age,  Fort 
Union  formation.  Thickness,  4  feet  6  inches.  The  lignite  is  brownish  black.  The 
clay  overburden,  10  feet  thick,  is  removed  in  mining. 

The  bed  was  sampled  at  one  place  \xi  the  pit  by  A.  L.  Beekly  on  August  23, 1910. 
The  upper  2  feet  of  the  coal  is  more  or  less  weathered  and  soft,  and  the  sample  does  not 
include  this  part  of  the  bed. 

For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  S.  Geol.  Sur- 
vey BuU.  471,  1912,  p.  342. 

Plbntywood.    Pierce  Mine. 

Sample, — Lignite;  Plentywood  field;  analysis  No.  14670  (p.  57). 

ifine.— Pierce;  in  SE.  \  sec.  10,  T.  35  N.,  R.  55 E.,  2}  miles  northeast  of  Plentywood. 

TAgnite  bed, — Designated  as '  'Richardson  bed  "  by  the  United  States  Geological  Sur- 
vey. The  bed  lies  about  800  feet  above  the  base  of  the  Fort  Union  formation  of 
Tertiary  age.  At  the  point  of  sampling  it  is  overlain  by  about  30  feet  of  Fort  Union 
cover  and  30  feet  of  glacial  drift.  Quality  and  thickness,  irregular.  Dip,  about  3  feet 
per  thousand  southeastward. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  G.  M.  Bauer  on 
August  20,  1912,  as  described  below: 

Section  of  lignite  bed  in  Pierce  mine. 


Laboratory  No 

Roof,  carbonaceous  shale. 

Lignite 

Shale 

Lignite 

Shale 

Lignite,  containing  gypsum .^ 

Clay 

Lignite 

Floor  shale. 

Thickness  of  bed 

Thickness  of  lignite  sampled 


14670 

Ft.ifu 

0  3 

oO  8 

0  6 

aO  3 

2  0 
«0  7 

3  0 

8  0 

6  6 


o  Bxduded  flrom  sample. 

The  above  section  (sample  14670)  was  measured  in  the  mine,  250  feet  northwest  of 
the  opening. 

Notes. — For  a  description  of  the  geologic  relations  of  this  lignite  bed  see  U.  S.  GeoL 
Survey  BuD.  541. 

NEVADA. 
ESMEBALDA  COUNTY. 

COALDALE.      DaRMB  MiNE. 

Sample. — Bituminous  coal;  Coaldale  field;  analysis  No.  13978  (p.  57). 

Mine. — Darms,  a  slope  mine  in  N£.  {  sec.  33,  T.  2  N.,  R.  37  £.;  3^  miles  southeast 
of  Coaldale,  on  the  Tonopah  A  Goldfield  Railroad. 

Coal  bed, — C.  Tertiary  (Eocene  or  Miocene)  age.  Thickness,  variable.  Dip  vari- 
able, being  60^  N£.  at  the  outcrop,  77^  at  245  feet  down  the  slope,  and  lO''  at  280  feet. 
Strike,  N.  53«  W. 

The  bed  was  measured  and  sampled  by  J.  H.  Hance  on  March  7,  1912.  Sample 
13978  was  taken  in  a  drift  off  the  slope,  300  feet  from  the  mouth  of  the  slope  and  20 
feet  from  the  slope.  The  sample  represents  7  feet  of  impure  coal,  the  thickness  of  the 
bed. 
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For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  531, 1913,  p.  321. 

CoALDALB.    Nevada  Mine. 

Sample. — ^Bituminous  coal;  Coaldale  field;  analyses  Nos.  13979,  13980,  and  14409 
(p.  67). 

Jft7i«.— Nevada,  a  slope  mine  in  S.  J  of  SE. }  sec.  29,  T.  2  N.,  R.  37  E.,  3i  miles  south- 
east of  Coaldale,  on  the  Tonopah  &  Goldfield  Railroad. 

Coal  bed. — C.  Tertiary  (Eocene  or  Miocene)  age;  dip  variable.  The  bed  is  cut  off 
to  the  south  by  a  fault. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  J.  H.  Hance  on 
March  8,  1912. 

Notes, — Sample  13979  was  taken  at  a  point  in  the  slope  150  feet  from  the  mouth  and 
represents  9  feet  of  impure  coal,  the  entire  thickness  of  the  bed.    Sample  dry. 

Sample  13980  was  taken  at  a  place  in  the  mine  100  feet  from  the  mouth  and  repre- 
sents 8  feet  of  impure  coal,  the  entire  thickness  of  the  bed. 

Sample  14409  was  taken  from  a  block  of  coal  representing  a  bench  12  inches  thick 
in  the  mine.  This  block  was  sent  by  freight  to  Washington  and  the  sample  was  cut 
by  M.  R.  Campbell  on  July  17,  1912.  The  sample  is  supposed  to  represent  the  best 
coal  in  the  bed. 

For  a  description  of  the  geologic  relations  of  this  ooal  bed  see  U.  S.  Geol.  Survey 
BuU.  531,  1913,  p.  320. 

NEW  MEXICO. 

BEBNAIilLLO  COUNTY. 

Albuquerque.    Holmes  Mine. 

Sample, — ^Bituminous  coal;  Tijeras  field;  analysis  No.  12650  (p.  57). 

Mine. — ^Holmes;  a  prospect  drift  entry  in  SW.  J  sec.  6,  T.  10  N.,  R.  6  E.,  about  25 
miles  east  of  Albuquerque. 

Coal  bed. — Not  named.  Cretaceous  age;  Mesaverde  formation.  Thickness,  6  inches 
to  2  feet  3  inches.  There  is  shale  above  and  below  the  coal.  The  coal  is  impure  and 
badly  crushed. 

The  bed  was  measured  and  sampled  by  W.  T.  Lee  on  July  17,  1911. 

The  sample  was  taken  300  feet  from  the  mouth  of  the  entry  from  a  fresh  face  where 
the  coal  was  2  feet  3  inches  thick.  The  same  bed  in  other  parts  of  the  entry  was  only 
6  inches  thick.    The  differences  were  probably  due  to  crushing. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Siurvey 
BuU.  471, 1912,  p.  576. 

COLFAX  COTJNTY. 

Dawson.    Dawson  No.  2  Mine. 

Sample. — Bituminous  (coking)  coal;  Raton  field;  analyses  Nos.  12233,  12234,  and 
12235  (p.  57). 

Mine. — Dawson  No.  2,  a  drift  mine  in  the  Dawson  district.  The  Dawson  mines  are 
in  sees.  1,  2,  11,  and  12,  T.  29  N.,  and  sees.  35  and  36,  T.  28  N.,  R.  20  E.,  at  Dawson, 
on  the  El  Paso  &  Southwestern  Railroad. 

Coal  bed. — ''Raton."  Cretaceous  age,  Vermejo  formation.  Average  thickness,  6 
feet;  dip,  1°  northwest;  cleat,  east  and  west.  Roof,  sandstone;  floor,  usually  smooth 
clay  and  shale.    Cover  at  points  of  sampling,  250  feet. 
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The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  J.  C.  Roberts  on 
May  17,  1911,  as  described  below: 

Sections  of  coal  bed  in  Dawson  No.  t  mine. 


8«ctioD. 

LabontonrNo 

Roof.  Mouutone. 

Coal,  bony 

Coal 

Coal,  booy 

Coal 

Coal,  booy 

Coal 

Coal,boDy 

Floor,  bony  coal  and  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 
12233 
Ft,  to. 
a\    6 

2 

0 

1 

0 

2 
al 


4 
2 
2 

4 


0    6 
6    6 


B 
122M 
FU  to. 

•  «         •  «> 

0  6 
0  5 
7     4 


8     3 
8     3 


o  Not  indaded  in  sample. 

Section  A  (sample  12233)  was  measured  at  the  face  of  the  fifth  north,  6,700  feet  north- 
east of  the  *'high  line  "  entrance  and  represents  a  full  face  sample. 

Section  B  (sample  12234)  was  measured  at  the  face  of  the  thirteenth  east,  6,500  feet 
from  the  "high  line  "  entrance. 

Notes. — ^There  are  5  mines  at  Dawson.  At  the  time  of  sampling  the  mines  had  the 
following  capacities:  No.  1,  1,500  tons  a  day;  No.  2,  2,000;  No.  4,  1,400;  and  No.  5, 
2,000  tons.  The  room-and-pillar  method  of  mining  is  employed.  The  coal  was  shot 
down  with  "forty  per  cent"  dynamite.  None  of  the  coal  was  shipped  as  run-of- 
mine.  About  2,000  tons  a  day  was  sent  to  the  screens  and  about  40  per  cent  passed 
through  a  shaking  screen  with  2-inch  and  4-inch  openings;  pickers  were  employed. 
The  screenings  were  coked;  the  coke  ovens  had  z  daily  capacity  of  1,600  tons.  There 
were  5  loading  tracks  with  a  capacity  of  200  empty  and  200  loaded  cars. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  137,  640. 

Gabdiner.    Gardinbb  No.  1  Mine. 

Sample. — Bituminous  coal;  Raton  field;  analysis  No.  14795  (p.  57). 

Mine. — Gardiner  No.  1,  a  (new)  drift  mine  in  the  Blossburg  district,  at  Gardiner, 
one-half  mile  southeast  of  Blossburg. 

Coal  bed. — Raton.  Cretaceous  age,  Vermejo  formation.  The  bed  is  regular  in 
thicknpss,  but  its  value  is  diminished  in  some  places  by  crushing  and  other  movements 
of  the  inclosing  rocks.    Roof,  shale;  floor,  shale. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  W.  T.  Lee  on 
September  27,  1912,  as  described  below: 

Section  of  coal  bed  in  Gardiner  No.  1  mine. 


laboratory  No 

Roof,  shale. 

Coal,  bony 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


14705 
Ft  in. 
ao     7 
6     5 

6     0 
6      5 


a  Not  Included  in  sample. 


Notes. — ^The  sample  was  collected  from  a  fresh  face  in  room  6  off  first  west  entry  off 
the  main  entry,  400  feet  from  the  outcrop.  At  the  time  of  sampling  the  mine  was 
doing  development  work  and  was  shipping  only  100  tons  a  day. 
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KOBHLBB.      KOEHLBB  No.  1  MiNB. 


Sample. — ^Bittuninous  (coking)  coal;  Raton  field;  analyses  Noe.  12335, 12336|  12337, 
and  14796  (p.  58). 

Miru. — Koehler  No.  1,  a  drift  mine  in  the  Koehler  district,  T.  29  N.,  R.  22  E.,  at 
Koehler,  on  the  St.  Louis,  Rocky  Mountain  &  Pacific  Railway. 

Coal  bed. — Raton.  Cretaceous  age,  Vermejo  formation.  Average  thickness,  9  feet, 
regular;  dip  1^  west.  The  roof  is  shale,  bony  coal,  or  sandstone,  according  to  the 
locality.  In  most  places  where  conglomeratic  sandstone  rests  on  the  coal  the  bed 
has  been  partly  eroded  and  is  too  thin  to  be  mined.  Floor,  shale;  cover,  450  to  500 
feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  J.  C.  Roberts 
on  May  28,  1911,  and  at  one  point  by  W.  T.  Lee  on  September  27,  1912,  as  described 
below: 

Sections  of  coal  bed  in  Koehler  No.  1  mine. 


Sectkm 

LaboraUny  No 

Roof,  shale. 

Coal,  bony 

Coal 

Coal  (poor) 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


D 
14796 
Ft.   in. 
a20 
68 


83 
68 


a  Not  included  in  sample. 

Section  A  (sample  12335)  was  measured  as  the  face  of  room  20,  off  seventh  east  entry, 
4,500  feet  southeast  of  the  mouth  of  the  main  entry. 

Section  B  (sample  12336)  was  measured  at  the  face  of  eighth  west  entry,  4,300  feet 
southeast  of  the  mouth  of  the  main  entry. 

Section  C  (sample  12337)  was  measured  in  room  20,  off  seventh,  east  entry,  4,200  feet 
southeast  of  the  mouth  of  the  main  entry. 

Secti(Hi  D  (sample  14796)  was  measured  at  the  face  of  ninth  west  entry,  4,900  feet 
southwest  of  the  main  opening  in  Prairie  Crow  Canyon. 

Notes. — ^There  are  three  mines  at  Koehler.  The  room-and-pillar  method  of  mining 
is  employed.  At  the  time  of  sampling  the  mines  had  the  following  capacity:  No. 
1, 1,000  tons  a  day;  No.  2,  1,400  tons;  and  No.  3, 400  tons.  From  300  to  350  men  were 
employed.  There  was  enough  coal  to  maintain  the  above  output  for  many  years. 
Ten  per  cent  of  the  coal  was  shipped  as  run-of-mine.  The  washer  had  a  capacity 
of  1,200  tons  a  day,  the  coke  ovens  700  tons,  and  the  storage  bins  800  tons.  There 
were  four  loading  tracks  with  a  capacity  of  60  empty  and  80  loaded  cars. 

SUGARITE.      SUGARITE  No.  1  AND  No.  2  MiNES. 

Sample. — ^Bituminous  coal;  Raton  field;  analyses  Nos.  14791  and  14792  (p.  58). 

Mtnes.—SugBoiie  No.  1  in  NE.  }  NE.  }  sec.  9,  T.  31  N.,  R.  24  E.;  and  Sugarite 
No.  2  in  NE.  }  SW.  }  sec.  3,  T.  31  N.,  R.  24  E/(private  survey);  drift  mines  at 
Sugarite. 

Coal  bed. — Sugarite.  Cretaceous  or  Tertiary  age,  Raton  formation.  Roof,  shale, 
with  thin  seams  of  coal;  floor,  shale. 

The  bed  was  measured  and  sampled  at  one  point  in  No.  1  mine  by  *W.  T.  Lee  on 
September  27,  1912,  as  described  below. 
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Section  of  coal  bed  in  Sugarite  No,  1  mine. 


Laboratory  No 

Roof,  shale,  with  thin  aeams  of  coal. 
Coal, 


Shale. 
CkMl.. 


Floor.  Bhale. 

TnicknesBofbed 

ThJcknesB  of  ooal  sampled . 


Ft. 
«0 
aO 
5 

4 

1' 

5 
5 

? 

a  Not  indoded  in  sample. 

The  above  Bection  (sample  14791)  was  measured  in  the  entry,  1,500  feet  southwest 
of  the  mine  mouth. 

The  bed  was  measured  and  sampled  at  one  point  in  No.  2  mine  by  W.  T.  Lee  on 
September  27,  1912,  as  described  below: 

Section  of  coal  bed  in  Sugarite  No.  t  mine. 


Laboratory  No 

Bhale,  with  thin  seams  of  ooal. 

Coal 

Bhale 

Coal 

Bone 

Coal 

Bhale. 

Thiolmessof  bed 

Thiolmess  of  ooal  sampled . 


14702 

Ft. 

in. 

aO 

6 

aO 

2 

3 

5 

aO 

2 

1 

4 

5 

7 

4 

0 

«  Not  Included  in  sample. 

The  above  section  (sample  14792)  was  measured  in  the  entry,  1,200  feet  northeast 
of  the  mine  mouth. 

Notes. — ^At  the  time  the  samples  were  taken  the  mines  were  new,  and  all  the  coal 
produced  was  from  the  main  entries. 

Yankee.    Yankee  No.  3  Mine. 

Sample. — Bituminous  (noncoking)  coal;  Raton  field;  analyses  Nos.  13365,  13366, 
and  13367  (p.  58). 

Mine. — Yankee  No.  3,  a  slope  mine  at  Yankee,  on  the  Santa  Fe,  Raton  &  Eastern 
Railroad  with  connections  to  the  Atchison,  Topeka  <&  Santa  Fe  Railway  and  the  St. 
Louis,  Rocky  Mountain  <&  Pacific  Railway. 

Coal  bed. — Yankee.  Cretaceous  or  Tertiary  age,  Raton  formation.  Average  thick- 
ness, 5  feet  6  inches;  dip,  4  per  cent  northwest;  cleat,  east  and  west.  The  roof  is  a 
soft  black  shale  which  is  treacherous;  above  the  shale  is  a  sandstone  cap  rock. 
Floor,  soft  smooth  fire  clay.  Particles  of  the  roof  did  not  become  mixed  with  the  coal 
in  mining  but  particles  of  the  floor  did.    Cover  at  points  of  sampling,  250  to  300  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  J.  C.  Roberts  on 
February  8,  1912,  as  described  below: 

Sections  of  coal  bed  in  Yankee  No.  S  mine^  near  Yankee. 


Beotkm. 

Laboratory  No 

Roof,  shale. 

Coal 

Bhale 

Coal 

Shale 

Coal 

Shale 

Coal 

Floor,  shale. 

Tniokness  of  bed 

Thickness  of  ooal  sampled. 


A 

B 

13365 

13366 

Ft.    in. 

Ft.    in. 

0     5 

0     5 

aO      U 

aO      4 

1      0 

1      0 

aO      1 

aO      U 

0      7 

0      7 

a\      0 

al      3 

2      7 

2      7 

fi      9| 

6      3^ 

4      7 

4      7 

a  Not  included  in  sample. 
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Section  A  (sample  13365)  was  measured  at  the  face  of  room  2,  o£f  tenth  west  entry  10. 

Section  B  (sample  13366)  was  measured  at  the  face  of  fifth  south  entry. 

A  composite  sample  was  made  by  mixing  face  samples  13365  and  13366.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  imder  laboratory  No.  13367. 

Notes. — At  the  time  of  sampling,  the  coal  was  imdercut  by  hand;  the  cuttings  were 
not  loaded  with  the  coal.  Permissible  explosives  were  used  for  breaking  down  the 
coal  and  for  brushing  the  roof  and  floor.  All  the  output  was  shipped  as  run-of-mine. 
The  tipple  was  equipped  with  a  bar  screen  16  feet  long  and  3  feet  wide  with  3-inch 
openings  between  the  bars;  a  shaking  screen  10  feet  long  by  8  feet  wide,  with 
f-inch,  2-inch,  and  3-inch  holes;  and  a  revolving  screen  16  feet  long  with  f-inch 
openings.  Pickers  were  employed  at  the  conveyor  belt  and  on  the  car.  The  lumps 
were  medium  large  and  of  good  appearance.  There  were  four  loading  tracks  with  a 
capacity  of  35  empty  and  35  loaded  cars.  The  daily  output  of  the  mine  was  200  tons; 
the  intent  was  to  increase  it  to  2,500  tons.    The  mine  had  a  probable  life  of  10  years. 

For  analysid  and  description  of  another  sample  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  139,  645. 

LINCOLN  COUNTY. 

Whttb  Oaks.    Old  Abe  Mine. 

Sample. — ^Bituminous  coal;  White  Oaks  field;  analysis  No.  15053  (p.  59). 

Miru. — Old  Abe,  a  slope  mine  in  NW.  J  sec.  5,  T.  7  S.,  R.  13  E.,  2i  miles  south- 
east of  White  Oaks. 

Coal  bed. — Old  Abe.  Post-Laramie  (?)  age.  Thickness,  variable;  dip,  20*»  west. 
The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  C.  H.  Wegemann  on 
November  3,  1912,  as  described  below: 

Section  of  coal  bed  in  Old  Abe  mine. 


Laboratory  No 

Roof.  sandBtoiie. 

Coal 

Bone 

Coal 

Bone 

Coal 

Bone 

Coal 

Coal,  poor 

Coal.:. 

Floor,  shale. 

Tniotnawofbed. 

Thickness  of  ooal  sampled . 


15063 
Ft.  in. 
0     2 
0      1 

0  lol 
0      I 

0      4 

0  1 

1  4 

\    1 


The  above  section  was  measured  in  the  main  slope,  300  feet  from  the  slope  mouth. 
At  the  time  of  sampling  a  slope  had  been  run  on  the  dip  of  the  bed  (20*^  west)  and  side 
entries  driven  from  it,  the  rooms  being  driven  up  the  rise  from  the  entries. 

For  analyses  and  descriptions  of  anotlier  sample  of  coal  from  this  mine,  see  Bidl.  22, 
Bureau  of  Mines,  1913,  pp.  139,  646. 

WnrrE  Oaks.    Wild  Cat  Minb. 

Sample. — Bituminouij  coal:  White  Oaks  field;  analysis  No.  15054  (p.  59). 

J/t7i«.— Wild  Cat,  a  slope  mine  in  SW.  }  sec.  32,  T.  6  S.,  R.  13  E.,  2  miles  southeast 
of  White  Oaks. 

Coal  bed. — ^Not  named.  Post-Laramie  (?)  age.  Thickness,  variable;  dip,  25°  west. 
The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  0.  H.  Wegemann, 
on  November  3, 1912,  as  shown  below: 
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Section  of  bed  in  Wild  Cat  ndne. 


LabontonrNo 15054 

Roof,  black  ihale.  Ft.  i*. 

Bone «0     34 

Coal 0     8J 

Bone 0     1' 

Coal 0    II 

Coal,  bony 0     1 

Floor,  bukck  male. 

Tblcknefliofbed 2     1 

Thlcknefliofcoalfami^led 1     H 

, ! 

a  Not  included  in  aample. 

The  above  section  (sample  15054)  was  measured  near  the  foot  <^  the  main  slope. 
At  the  time  of  sampling  a  slope  about  240  feet  in  length  had  been  run  on  the  dip  of  the 
bed  (25^  west)  and  entries  driven  from  it,  the  rooms  being  driven  up  the  rise. 

X'KINLEY  COUNTY. 
Blackrock.    Zuni  Indian  School  Minb. 

Sample. — Subbituminous  coal;  Durango-Gallup  field;  analysis  No.  15032  (p.  59). 

Mine, — Zuni  Indian  School,  a  drift  mine  in  sec.  6,  T.  11  N.,  R.  17  W.,  10  miles 
northeast  <^  Blackrock. 

Coal  bed. — Not  named.  Cretaceous  age,  in  the  Benton  group,  below  the  Mesaverde 
formation.  The  bed  was  measiu^  and  sampled  at  one  point  in  the  mine  by  D.  £. 
Winchester,  on  October  11,  1912,  as  described  below: 

Section  of  coal  bed  in  Zuni  Indian  School  mine. 


Laboratory  No 

Roof,  shale. 

Bone , 

Coal 

Bone 

Coal 

Floor,  shale. 

Thickneas  of  bed 

Thickness  of  coal  sampled . 


15032 

Ft. 

in. 

«0 

2 

1 

10 

oO 

2 

1 

0 

3 

2 

2 

10 

a  Not  included  in  sample. 
Note. — The  sample  was  taken  in  room  2,  west  of  the  main  entry. 

SANTA  FB  COUNTY. 

Madrid.    ANTHRAcrrs  No.  4  Mine. 

/Sompfc.— Anthracite  coal;  Cerrilloe  field;  analysis  No.  14886  (p.  59). 

Mine. — Anthracite  No.  4,  a  slope  mine  at  Madrid,  on  the  Ortiz  land  grant. 

Coal  bed. — White  Ash.  Cretaceous  age;  Mesaverde  formation.  Thickness,  relatively 
uniform;  dip,  about  15°  east.  The  roof  is  shale  in  most  places,  in  some  places  it  is 
formed  by  an  overlying  sill  of  intrusive  rock,  which  has  locally  metamorphosed  the 
coal.    The  floor  is  shale. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  W.  T.  Lee  on 
October  10,  1912. 

The  sample  was  collected  from  a  working  hce  1,500  feet  southeast  of  the  mouth  of 
the  main  entry,  at  a  point  where  the  coal  was  2  feet  9  inches  thick. 

Note. — The  output  at  the  time  the  sample  was  taken  was  150  tons  a  day.  The  coal 
was  used  mainly  for  domestic  purposes. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geological 
Survey  Bull.  531,  1913,  p.  286. 
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Madrid.    Blacksmith  Mine. 

Sample. — Bituminous  coal;  Cerrilloe  field;  analysis  No.  14884  (p.  59). 
Mine. — Blacksmith,  a  drift  mine  at  Madrid,  on  the  Ortiz  land  grant. 
Coal  bed. — Peacock  (?).    Cretaceous  age;  Mesaverde  formation. 
The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  W.  T.  Lee  on 
October  10,  1912,  as  described  below: 

Section  of  coal  bed  in  Blacksmith  mine. 


Laboiatory  No 

Roof,  shale. 

Coal 

Shale 

Coal 

Shale 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


14884 

Ft.  in. 

aO  6 

a2  2 

0  9 
oO  3 

1  7 

5  3 

2  4 


a  Not  included  in  sample. 

Notes. — ^The  sample  was  collected  from  a  fresh  face  in  the  mine,  300  feet  from  the 
mouth  of  the  mine.  The  coal  at  this  point,  as  in  general  throughout  the  mine,  is 
crushed  by  movements  of  the  containing  rocks. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geological  Survey 
BuU.  531,  1913,  p.  297. 

Madrid.    Holen  Mine. 

Sample. — Bituminous  coal;  Cerrillos  field;  analysis  No.  14885  (p.  59). 

Mine. — Holen,  a  slope  mine  at  Madrid,  on  the  Ortiz  land  grant. 

Coal  bed. — Cook  &  White.  Cretaceous  age;  Mesaverde  formation.  The  roof  and 
floor  are  shale. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  W.  T.  Lee  on 
October  9,  1912,  as  described  below: 

Section  of  coal  bed  in  Holen  mine. 


Laboratory  No 14885 

Ro^  shale.  Ft.  in. 

Bone oO     2 

CJoal I  3     3 


FloM%  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


3     6 
3     3 


o  Not  included  in  sample. 

The  sample  was  taken  from  a  working  face  1,300  feet  east  of  the  mine  mouth. 

Notes. — ^The  coal  near  the  surface  does  not  coke,  but  a  few  himdred  feet  from  the 
surface  it  changes  to  a  coking  coal.  At  the  time  of  sampling  the  output  of  the  mine 
was  100  tons  a  day.    The  coal  was  used  mainly  for  domestic  fuel. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geo!.  Survey 
BulL  531,  1913,  p.  306. 

Madrid.    Peacock  Pbospect. 

Sample. — ^Bituminous  coal;  Cerrillos  field;  analysis  No.  14887  (p.  59). 
Mine. — Peacock,  a  prospect  slope  entry  at  Madrid,  on  the  Ortiz  land  grant. 
Coal  bed. — Peacock.    Cretaceous  age,  Mesaverde  formation.    Both  roof  and  floor 
are  bony  coal. 


\ 
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The  bed  was  meusured  and  sampled  at  one  point  in  the  mine  by  W.  T.  Lee  on 
October  10, 1912. 

The  sample  was  taken  in  the  entry  400  feet  northeast  of  the  mouth  of  the  entry 
from  a  face  freshly  cleared  for  the  purpose  of  sampling.  The  sample  represents  2 
feet  4  inches  of  coal.    There  was  bony  coal  above  and  below  the  part  sampled. 

Notes. — ^The  prospect  was  not  being  worked  at  the  time  of  sampling. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  631, 1913,  p.  297. 

NORTH  DAKOTA. 
ADAMS  COUNTY. 

Haynes.    Nipper  &  Monroe  Mine. 

Sample, — ^Lignite;  Gannonball  River  field;  analysis  No.  14542  (p.  59). 

Mine, — Nipper  &  Monroe,  a  drift  mine  in  sec.  16,  T.  129  N.,  R.  94  W.,  3}  miles 
northeast  of  Haynes. 

Lignite  bed. — ^Haynes.  Tertiary  (Eocene)  age.  Fort  Union  formation.  Average 
thickness  reported,  12  feet. 

The  bed  was  sampled  at  one  point  in  the  mine  by  E.  R.  Lloyd  on  July  30,  1912. 
The  part  sampled  was  8  feet  3  inches  thick.  The  top  of  the  bed  had  been  left  for 
roof  because  the  overlying  shale  was  not  strong. 

The  sample  was  collected  630  feet  east  of  the  mouth  of  the  entry. 

For  a  description  of  the  geologic  relations  of  this  bed  see  U.  S.  Geol.  Survey  Bull. 
541. 

Hatnes.    William  Pinkham  Mine. 

Sample. — Lignite;  Gannonball  River  field;  analysis  No.  14544  (p.  59). 

Mine. — ^William  Pinkham,  in  sec.  36,  T.  130  N.,  R.  94  W.,  about  9  miles  northwest 
of  Haynes. 

Lignite  bed. — ^Haynes.  Tertiary  (Eocene)  age.  Fort  Union  formation.  Thickness, 
about  12  feet. 

The  bed  was  sampled  at  one  point  in  the  mine  by  E.  R.  Lloyd  on  July  30,  1912. 
The  part  sampled  was  8  feet  10  inches  thick  and  uniform  in  quality.  The  top  of 
the  bed  had  been  left  for  roof  because  the  overlying  shale  was  weak. 

The  sample  was  taken  225  feet  south  of  the  mouth  of  the  mine. 

For  a  description  of  the  geologic  relations  of  this  bed  see  U.  S.  Geol.  Survey  Bull. 
541. 

BOWMAN  COUNTY. 

Amor.    Durein  Prospect. 

Sample. — ^Lignite;  Bowman  County  field;  analysis  No.  14857  (p.  59). 

Location. — Open  pit,  known  as  the  Durkin  prospect,  2  miles  southeast  of  Amor 
poet  office  in  SW.  }  sec.  34,  T.  130  N.,  R.  103  W.,  and  12  miles  southwest  of  Bowman. 

Lignite  bed. — ^This  bed  is  included  in  the  Ludlow  lignitic  member  of  the  Lance 
formation,  Cretaceous  or  Tertiary  age,  and  is  designated  as  the  T  Cross  bed  from  its 
best  exposure,  being  at  the  T  Cross  ranch  on  Bacon  Creek  in  sec.  20,  T.  133  N.,  R. 
104  W.,  in  Billings  County,  where  it  is  24  feet  thick.  Its  average  thickness  in 
Bowman  County  is  about  5  feet,  ranging  from  3  feet  2  inches  to  10  feet.  The  bed  lies 
nearly  flat,  dipping  only  slightly  to  the  northeast. 

The  bed  was  measiured  and  sampled  July  31, 1912,  by  C.  J.  Hares,  as  shown  below: 
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Section  of  lignite  in  outcrop  9  miles  southeast  of  Amor, 


LaboratorvNo 

RcKrf,  sandstone. 

Lignite,  dirty  and  badly  weathered 

L^ite,  dirty 

Lignite,  fair 

Lignite,  good,  but  with  considerable  marcasite 

Lignite,  excellent , 

Lignite,  good,  under  water 

Floor,  not  stated. 

Thickness  of  bed 

Thickness  of  lignite  sampled 


14867 
Ft.  in. 
o3 
oO 

0 
aO 

1 
al 

8 
2 


7 
7 
0 
2 


a  Not  included  in  sample. 

Notes. — There  was  1  foot  6  inches  of  soft  sandstone,  overlain  by  5  feet  of  shale  and 
soil,  above  the  lignite.  The  lignite  is  mined  by  stripping.  At  the  time  the  sample 
was  collected  no  lignite  had  been  removed  for  some  time,  a  face  was  cleaned  and  a 
fairly  fresh  sample  obtained.    The  lignite  was  used  wholly  for  local  purposes. 

SCRANTON.      SCRANTON  MiNE. 

Sample. — Lignite;  Bowman  County  field;  analysis  No.  14485  (p.  59). 

Mn«.— Scranton,  a  drift  mine  in  SW.  \  sec.  24,  T.  131  N.,  R.  100  W.,  at  Scranton, 
on  the  Giicago,  Milwaukee  &  St.  Paul  Bailroad. 

Lignite  bed. — ^Probably  the  Harmon  bed  of  Smith  and  Leonard  (see  U.  S.  Geol. 
Survey  Bull.  341,  p.  24)  and  the  same  one  as  sampled  on  Sand  Creek  (see  U.  S.  Geol. 
Survey  Bull.  285,  p.  324)  where  it  is  31  feet  thick.  About  200  feet  above  the  base 
of  the  Fort  Union  formation.  Tertiary  age.  Thickness,  19  to  23  feet,  average  20J  feet. 
The  bed  lies  nearly  flat.  It  is  by  far  the  most  important,  thickest,  and  most  exten- 
sive bed  in  Bowman  and  Billings  counties. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  on  June  30,  1912, 
by  E.  G.  Woodruff  and  C.  J.  Hares,  as  shown  below: 

Section  of  lignite  bed  in  Scranton  mine. 


LabOTstory  No 

Clay. 

Lignite 

Lignite,  impure 

Lignite 

Shale,  brown,  carbonaceous. 

Lignite 

Lignite 

Thickness  of  bed 

Thickness  of  lignite  sampled 


14485 
Ft.   in. 
OS   0 
oO   7 

6   0 
aO    li 
oO    7 
ag    0 
20    3i 

6    0 


a  Not  included  in  sample. 

The  sample  was  taken  at  the  face  of  the  main  east  entry,  off  the  main  entry,  about 
500  feet  from  the  main  entry  and  1,000  feet  from  the  mouth  of  the  main  entry.  The 
upper  5  feet  of  the  bed  is  left  for  roof  and  the  lower  8  feet  for  floor. 

Notes. — ^The  lignite  from  this  mine  is  tough  and  woody  but  readily  slacks  upon 
exposure  to  air  and  sunlight.  For  that  reason  the  lignite  will  not  withstand  long 
shipment.  At  the  time  of  sampling  it  was  used  at  points  along  the  Chicago,  Milwaukee 
&  St.  Paul  Bailroad,  in  the  brick  yards  at  Scranton,  and  by  farmers. 

For  results  of  briquetting  tests  of  this  lignite  see  Bull.  14,  Bureau  of  Mines,  1912, 
pp.  31,  32. 

For  analyses  and  descriptions  of  other  samples  of  lignite  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  142,  658. 
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MOBTON  COUNTY. 

Leith.    Jones  Mine. 

Sample. — ^Lignite;  Cannonball  River  field;  analysis  No.  14729  (p.  60). 

Mine. — Jones,  a  shaft  mine  in  sec.  12,  T.  133  N.,  R.  88  W.,  1)  miles  west  of  Leiih. 
Cover,  42  feet. 

Lignite  bed. — ^Hayne8(?).  Cretaceous  age,  Fort  Union  formation.  The  bed  is  reported 
to  be  8  feet  6  inches  thick  and  to  have  a  shale  roof.  Only  5  feet  6  inches  of  the  bottom 
of  the  bed  is  being  mined,  the  upper  3  feet  being  left  for  roof.  The  lignite  is  uniform 
in  quality,  from  dull  to  bright  luster,  and  contains  thin  partings  of  mineral  charcoal. 
There  is  also  a  considerable  amount  of  pyrite  in  nodules  which  are  easily  separable 
from  the  lignite. 

The  bed  was  sampled  at  one  point  in  the  mine  by  E.  R.  Lloyd  and  C.  £.  Lesher 
on  September  7,  1912.  The  sample  was  taken  about  75  feet  southwest  of  the  foot 
of  the  shaft. 

For  a  description  of  the  geologic  relations  of  the  lignite  bed  see  U.  S.  Geol.  Survey 
Bull.  541. 

WABD  COUNTY. 
Plaza.    Prospect. 

Sample. — Lignite;  analysis  No.  11294  (p.  60). 

Mine. — Prospect,  in  sec.  17,  T.  152  N.,  R.  92  W.,  25  miles  west  of  Plaza,  on  the 
Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  Railroad. 

Lignite  bed. — Known  as  No.  3.  Tertiary  age.  Fort  Union  formation.  Thickness,  4 
feet  11  inches.  Roof,  shale  6  inches  thick;  floor,  clay.  The  bed  was  measured  and 
sampled  by  M.  A.  Pishel  on  October  27, 1910.  The  bed  was  4  feet  11  inches  thick. 
The  sample  represented  the  lower  3  feet  8  inches,  the  upper  1  foot  8  inches  being 
dirty  coal.    There  was  shale  above  the  coal  and  clay  below  it. 

WILLIAMS  COUNTY. 

AvocA.    Brueooer  Mine. 

Sample. — Lignite;  Williston  field;  analysis  No.  12587  (p.  60). 

irin€.— Bruegger;  in  the  NW.  i  SE.  i  sec.  3,  T.  154  N.,  R.  100  W.,  one-third  mile 
northeast  of  Avoca,  on  the  Great  Northern  Railway. 

Lignite  bed. — C  bed.    Tertiary  (early  Eocene)  age.  Fort  Union  formation. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  F.  A.  Herald  on 
September  5,  1911,  as  described  below: 

Section  of  lignite  bed  in  the  Bruegger  mine. 


Laboratory  No 

Lignite 

Lignite 

Clay 

Lignite 

Thicknem  of  bed 

Thickness  of  lignite  sampled. 


12587 
Ft.  in. 
a3  4 
as  6 
•  0      4 

1  10 
11      0 

6      6 


a  Not  included  in  sample. 

Note. — ^The  section  was  measured  50  feet  west  of  the  end  of  the  main  entry  and 
1,225  feet  from  the  mine  mouth.    The  sample  was  wet. 

For  a  description  of  the  geologic  relations  of  this  bed,  see  U.  S.  Geol.  Survey  Bull. 
631,  1913,  p.  122. 
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Trenton.    Geltz  Mine. 

Sample, — Lignite;  Williston  field;  analyedfi  No.  12411  (p.  60). 

Jf*7i«.— Geltz,  in  the  NW.  \  sec.  27,  T.  154  N.,  R.  102  W.,  6  milea  northeast  of 
Trenton,  on  the  Great  Northern  Railway. 

Lignite  bed. — No  name.  Tertiary  (early  Eocene)  age,  Fort  Union  formation.  The 
bed  was  measured  and  sampled  by  F.  A.  Herald  on  June  30, 1911,  as  described  below: 

Section  of  lignite  bed  in  the  Geltz  mine. 


Laboratory  No 

Roof,  yellow  clay  and  shale. 

Lignite,  hard,  clean 

Clay.gray 

Li^te 

Floor,  not  stated. 

Thickness  of  bed 

Thickness  of  lignite  sampled. 


12411 

Ft. 

in. 

3 

4 

aO 

5 

1 

9 

5 

6 

5 

1 

a  Not  included  in  sample. 

Notes. — ^The  sample  was  collected  at  the  end  of  the  main  entry,  150  feet  from  the 
mine  mouth.  The  sample  represents  dry  lignite.  The  mine  was  worked  intermit- 
tently; the  lignite  was  used  for  local  purposes. 

For  a  description  of  the  geologic  relations  of  this  bed,  see  U.  S.  Geol.  Survey  Bull. 
531,  1913,  p.  128. 

Williston.    Powell  Mine. 

Sample, — Lignite;  Williston  field;  analysis  No.  12588  (p.  60). 

Mruj.— Powell,  in  NW.  i  of  SE.  {  sec.  33,  T.  154  N.,  R.  100  W.,  3i  miles  southeast 
of  Williston,  on  the  Great  Northern  Railway. 

Lignite  bed. — C.  Tertiary  (early  Eocene)  age.  Fort  Union  formation. 

The  bed  was  measured  and  sampled  by  F.  A.  Herald  on  September  6,  1911. 

The  sample  represents  the  lower  6  feet  6  inches  of  the  bed,  which  at  this  point 
was  10  feet  thick. 

Notes. — ^The  sample  was  taken  50  feet  north  of  the  main  entry  and  900  feet  north- 
east of  the  mine  mouth.  The  lignite  was  dry.  The  daily  output  was  ^  tons  in  the 
summer  and  50  tons  in  the  winter. 

For  a  description  of  the  geologic  relations  of  this  bed,  see  U.  S.  Geol.  Survey 
BuU.  531,  1913,  p.  122. 

Williston.    U.  S.  Reclamation  Service  Mine. 

Sample. — Lignite;  Williston  field;  analysis  No.  12533  (p.  60). 

Mine.—V.  S.  Reclamation  Service;  SE.  J  NE.  J  sec.  7,  T.  154  N.,  R.  100  W. ;  3  mileb 
northeast  of  Williston,  on  the  Great  Northern  Railway. 

Lignite  bed. — B.  Tertiary  (early  Eocene)  age.  Fort  Union  formation.  Thickness, 
10  feet  to  10  feet  6  inches.  The  bed  was  measured  and  sampled  by  F.  A.  Herald  on 
August  16,  1911,  the  sample  representing  the  bottom  8  feet  of  the  bed,  which  is  here 
10  feet  3  inches  thick. 

Notes. — ^The  sample  was  taken  from  William  Spangler^s  room,  50  feet  north  of  the 
main  entry  and  1,225  feet  east  of  the  mine  mouth,  and  represents  dry  lignite.  In 
1911  the  mine  was  operated  only  during  the  irrigation  season.  The  daily  output 
averaged  90  tons. 

For  a  description  of  the  geologic  relations  of  this  bed,  see  U.  S.  Geol.  Survey 
BuU.  531,  1913,  p.  121. 
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Amsterdam.    Amsterdam  Mine. 

iSomp^.— Bituminous  coal;  Ohio  field;  analyses  Nos.  10533,  15388, 15389,  and  15390 
(p.  61). 

Mine. — ^Amsterdam,  a  shaft  mine  in  sec.  18,  T.  11  N.,  R.  4  W.,  near  Amsterdam,  on 
the  Lake  Erie,  AUiance  &  Wheeling  Railroad. 

Coal  bed. — Lower  Freeport  (?).  Carboniferous  age,  All^heny  formation.  Thick- 
ness, excluding  bony  coal  at  top  of  bed,  4  to  4}  feet;  foirly  imiform.  The  bed  is 
overlain  by  shale  12  feet  thick;  above  the  shale  is  another  coal  bed  of  variable  thick- 
ness. The  shale  roof  is  very  poor;  most  of  the  rooms  fall  in  before  being  worked  out. 
The  floor  is  an  underclay,  which  is  taken  up  in  the  haulage  ways. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  D.  D.  Gondit 
on  December  27,  1912,  as  described  below: 

Sectvms  of  coal  bed  in  Amtterdam  mine. 


Section 

Laboratory  No 

Roof,  shale  or  bony  ooal. 

Coal,  bony 

Coal 

Bone 

Coal r 

Coal,  impure 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  ooal  sampled . . . 


A 

B 

15388 

15389 

Ft.    in. 

Ft.  in. 

ol      3 

ol    2 

1    11 

1    7i 

oO     2i 

aO    3 

1    10 

1    8 

oO     5 

OO    5 

5      7J 

6  n 

3      9 

3      4 

C 
15390 
Ft.    in. 


1 
aO 

1 
«0 

5 
3 


2 

«4 
3 
11 
5 


a  Not  included  in  sample. 

Section  A  (sample  15388)  was  measured  in  room  4,  of!  entry  4,  east  section,  1,000 
feet  northeast  of  the  shaft. 

Section  B  (sample  15389)  was  measured  in  room  15,  of!  west  entry  9,  eection  2  north, 
4,000  feet  northwest  of  the  shaft. 

Section  G  (sample  15390)  was  measured  in  section  3  south,  west  entry  8, 4,500  feet 
southwest  of  the  shaft. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  J.  W.  Paul  on 
May  3,  1910. 

The  sample  (No.  10533)  was  taken  at  the  center  of  the  fece  of  the  face  entry,  where 
the  bed  was  5  feet  2  inches  thick,  and  represented  the  lower  4  feet  1  inch,  all  clean 
coal.    There  was  13  inches  of  bony  coal  above  the  part  sampled. 

Notes. — ^The  shaft  is  270  feet  deep  to  the  top  of  the  coal.  The  coal  is  mined  by  the 
room-and-pillar  method.  At  the  time  of  sampling  the  coal  was  imdercut  by  electric 
cutting  machines. 

Amsterdam.    Eastern  Ohio  Mine. 

Sample. — ^Bituminous  coal;  Ohio  field;  analyses  Nos.    15391,    15392,   and   15393 

(p.  61). 

Mine. — Eastern  Ohio,  a  slope  mine  in  NE.  J  sec.  8,  T.  12  N.,  R.  4  W.,  on  the  Lake 
Erie,  Alliance  &  Wheeling  Railroad,  halfway  between  Amsterdam  and  Bergholz. 

Coal  bed. — Lower  Freep)ort  (?).  Carboniferous  age,  Allegheny  formation.  Roof, 
dark  sandy  shale,  fairly  firm.  A  little  below  the  middle  of  the  bed  is  a  thin,  per- 
sistent layer  of  bony  coal.    The  coal  is  hard  and  tough. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  D.  D.  Ckmdit  on 
December  28,  1912,  as  described  below: 
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Sections  of  coal  bed  in  Eastern  Ohio  mine. 


Seotftm 

Laboratory  No 

Roof,  shale. 

Coal,  impure 

Coal 

Bone 

Coal 

Coal,  impure 

Floor,  clay  and  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

15391 

15392 

Ft.  in. 

Ft.  in. 

aO      4 

oo     4 

2     5 

2     9 

aO      2 

aO      3 

2      3 

2      0 

aO      2 

•  *          ■  • 

5      4 

5      4 

4      8 

4      9 

c 

15393 

Ft.  in. 
aO     3 

3     1 
oO      2} 

1    10 


5      4} 
4    11 


a  Not  included  in  sample. 

Section  A  (sample  15391).was  measured  in  room  11,  of!  west  butt  entry  12,  3,000  feet 
west  of  the  mouth  of  the  slope. 

Section  B  (sample  15392)  was  measured  at  west  entry  13,  off  the  south  face  entry. 

Section  C  (sample  15393)  was  measured  in  left  butt  entry  12,  off  the  north  face  entry, 
2,700  feet  northeast  of  the  mouth  of  the  slope. 

Amsterdam.    Elizabeth  Mine. 

Sample. — Bituminous  coal;  Ohio  field;  analyses  numbers  15440,  15441,  and  15443 

(P-  61). 

lftn«.— EUzabeth,  a  shaft  mine  in  SE.  i  sec.  7,  T.  12  N.,  R.  4  W.,  2  miles  east  of 
Amsterdam,  on  a  branch  of  the  Lake  Erie,  Alliance  &  Wheeling  Railroad. 

Coal  bed. — ^Probably  the  Lower  Freeport.  Carboniferous  age,  Allegheny  formation. 
Roof,  shale;  floor,  clay. 

The  bed  was  measured  and  sampled  at  three  places  in  the  mine  by  D.  D.  Condit 
on  December  30,  1912,  as  described  below: 

Sections  of  coal  bed  in  ElizabeOi  mine. 


Seouoo. ............. ......... 

Laboratory  No 

Roof,  shale. 

Coal,lxmy 

Coal,impare 

Bone 

Coal 

Bone 

Coal 

Coal,  impure 

Floor,  day. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

15440 

15441 

Ft.  in. 

Ft.  in. 

•  ■        •  • 

oO      7 

0     5 

0      7 

oO      2 

aO      2h 

1      9 

1      9 

oO      Zh 

oO      3 

1      7 

1      9 

oO      3 

oO      4 

4      5i 

5      5i 

3      9 

4      1 

C 
15443 
Ft.  in, 
aO 

0 
oO 

1 
aO 

1 


4i 
6 
1 
7 


3    lOl 


a  Not  included  in  sample. 

'  Section  A  (sample  15440)  was  measured  in  room  22,  off  west  entry  3,  2,600  feet 
northwest  of  the  shaft. 

Section  B  (sample  15441)  was  measured  in  room  33,  off  the  second  south  face  entry, 
2,400  feet  west  of  the  shaft. 

Section  G  (sample  15443)  was  measured  in  room  6,  off  west  entry  9,  2,600  feet  north- 
east of  the  shaft 

Notes. — ^The  coal  is  hard  and  tough  and  breaks  with  a  conchoidal  fracture.  The 
impure  bony  coal  at  the  top  and  the  two  bone  layers  in  the  body  of  the  bed  are 
persistent  and  vary  considerably  in  thickness  from  place  to  place.  Pyrite  bands  are 
plentiful.  The  shale  roof  requires  little  timbering.  Most  of  the  mine  workings  were 
unusually  dry.  The  equipment  of  the  mine  was  modem.  The  daily  output  of  the 
mine  (run-of-mine)  was  reported  at  about  1,000  tons  at  the  time  of  sampling. 

47664**— BulL  86—14 ^17 
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Brilliant.    Gouchbr  No.  2  Minb. 

Sample. — Bituminous  coal;  Ohio  field;  analyses  Nos.  15563  and  15564  (p.  62). 

Mine, — Groucher  No.  2,  a  drift  mine,  in  SE.  i  sec.  6,  T.  5  N.,  R.  2  W.,  1  mile  west  of 
Brilliant,  on  Cleveland  A  Pittsburg  division  of  the  Pennsylvania  Railroad. 

Coal  bed. — Pittsbuigh  or  No.  8.  Carboniferous  age,  Monongahela  formation.  Thick- 
ness fairly  uniform;  at  this  mine  about  5  feet.    The  bed  lies  nearly  flat. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  D.  D.  Condit  on 
January  4, 1913,  as  described  below: 

SectionB  of  coal  bed  in  Ooudter  No,  2  mine. 


Sectioii. 

Laboratory  No 

Boof.  clay  C'soapstODe'O- 

Bone 

CoaL 

"Sul^ur^'baiML  W.V.'.V.'. 

CoaL!7. 

"Sulphur"  band. 

CoaL. 

«Siil]^ar'''beiidI  V.WW'.V. 

CoaL 

Floor,  day  and  shale. 

TliicrnftB  of  bed 

TliickneBS  of  coal  sampled. 


i 

L 

15663     1 

Ft. 

*n. 

•  • 

2 

•  • 

3 

•  0 
aO 

•  0 

3 

1 

3 

0 

i 

0 

1 

11 

4 

4 

Si 

B 
15564 

FU  In. 

aO  3 

2  3 

•  0  i 

•  0  3 

•  0  i 
2  6 


6     3| 

4      8 


•  Not  tnchided  In  sample. 

Section  A  (sample  15563)  was  measured  in  fetce  entry  2,  north  side  of  mine,  500  feet 
northwest  of  the  mine  mouth.    Cover,  about  100  feet. 

Section  B  (sample  15564)  was  measured  in  room  1,  right  entry  1,  south  side,  500 
feet  northwest  of  the  mine  mouth  and  about  1,200  feet  from  point  where  sample  15563 
was  taken. 

NoteM, — The  output  (run-of-mine)  was  reported  at  the  time  of  sampling  to  be  700 
tons  a  day. 

HOPEDALX.      PaBLETT  MiNE. 

Sample,  r-Bituminous  coal;  Ohio  field;  analyses  Nos.  15444  and  15445  (p.  62). 

iA'n^.—Parlett,  a  slope  mine  in  SE.  i  sec.  32,  T.  9  N.,  R.  3.  W,  2  miles  southeast  of 
Hopedale,  on  the  Wabash-Pittsbuig  Terminal  Railway. 

Coal  bed, — Pittsburgh  or  No.  8  of  Ohio  (jeological  Survey.  Carboniferous  age, 
Monongahela  formation.  Average  thickness,  4  feet  9  inches.  The  bed  lies  nearly 
flat.  "Die  roof  is  clay  and  the  upper  bench  of  coal  characteristic  of  the  Pittsburgh  seam . 
The  cover  at  most  places  is  less  than  100  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  D.  D.  Condit  on 
December  31, 1912,  as  described  below: 

Seciume  of  coal  bed  in  Parleit  mine. 


Beetioo. 

Laboratory  No 

Boof,  day  or  ooaL 

Coal,  Impure 

Clay 

CoaL 

Clay 

CoaL 

Coal  with  sereral  ihato  bands 

CoaL 

Floor,  olay. 

TnlcnMH  of  bed 

Tbickneai  of  ooal  sampled — 


B 
16145 
Ft,  in. 
•  0    U 
aO     3 


•  1 

•  1 
2 


1 
0 
3 


aO  8 

3  S 

7  n 

4  6 


«  Not  included  in  sample. 
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Section  A  (sample  15444)  was  measured  in  room  9,  of!  west  entry  2,  of!  south  entry, 
2,200  feet  north  of  the  bottom  of  the  slope.    Cover,  about  30  feet. 

Section  B  (sample  15445)  was  measured  in  north  entry  2;  180  feet  beyond  rooms  9 
and  10,  off  west  entry,  400  feet  northwest  of  the  bottom  of  the  slope.    Cover,  28  feet. 

Notes. — ^The  mine  is  very  wet.  At  the  time  of  sampling  the  output  was  reported  to 
be  150  tons  a  day. 

PiNEY  Fork.  Piney  Fork  No.  1  and  No.  2  Mines,  and  Cabbage  Run  Mine. 

Sample. — Bituminous  coal;  Ohio  field ;  analyses  Nos.  15489, 15490,  and  15491  (p.  62). 

Mines. — Piney  Fork  No.  1  and  No.  2  mines  and  Cabbage  Run  mine,  sees.  21, 17,  and 
16,  T.  8  N.,  R.  3  W.,  2  miles  southwest  of  Smithfield,  on  Lake  Erie,  Alliance  A 
Wheeling  Railroad. 

Coal  bed. — Pittsburgh  or  No.  8  of  Ohio  Geological  Survey.  Carboniferous  age, 
Monongahela  formation.  Thickness  fairly  uniform,  about  4}  feet.  The  bed  lies 
nearly  flat.  The  roof  of  the  main  bed  of  coal  is  a  clay  band  about  1  foot  thick  which 
is  taken  down  in  most  places.  Above  this  is  the  **roof ''  coal,  an  impure  bony  bed  of 
variable  thickness  which  has  not  been  mined  in  this  district. 

The  bed  was  measured  and  sampled  at  one  point  in  No.  1  mine,  at  one  point  in  No.  2 
mine,  and  at  one  point  in  Cabbage  Run  mine  by  D.  D.  Condit  on  January  3,  1913, 
as  described  below: 

Sections  of  coal  bed  in  Piney  Fork  mines. 


A 

B 

15489 

15490 

Ft.    in. 

Ft,    <n. 

aO    2 

•  •           •  • 

2    7 

I     2 

aO     i 

ao 

aO    3 

OO     3 

aO     i 

aO 

I    1 

1      8 

0     i 

•  •            •  • 

0    5 

•  •            •  • 

aO    3 

OO     3 

J?l 

3    1^ 

c 

15491 
Ft.    in. 


Sectkm 

Laboratory  No 

Roof,  oool  or  clay. 

Bone 

Coal 

Clay 

Coal 

Clay 

Coal 

Clay  band 

Coei 

Coal,  high  in  sulphur 

Floor,  clay  and  shale. 

Tniokness  of  bed 

Thickness  of  coal  sampled 


a  Not  included  in  sample. 

Section  A  (sample  15489)  was  measured  iii  mine  No.  1,  room  14,  off  left  entry  11  off 
the  main  east  entry,  4,000  feet  southwest  of  the  mine  mouth.    Cover,  125  feet. 

Section  B  (sample  15490)  was  measured  in  mine  No.  2,  room  28,  off  east  entry  21, 
5,600  feet  northeast  of  the  mine  mouth.    Cover,  100  feet. 

Section  C  (sample  15491)  was  measured  in  Cabbage  Run  mine,  room  26  off  left  entry 
3,  1,050  feet  northeast  of  the  mine  mouth.    Cover,  50  feet. 

Notes. — At  the  time  of  sampling  there  were  three  drift  mines  in  operation  at  Piney 
Fcn'k,  No.  1  and  No.  2,  and  Cabbage  Run  mine.  The  daily  output  of  screened  coal 
from  the  three  was  reported  to  be  about  1,250  tons.  Sulphur  bands  and  lenses  were 
rather  plentiful,  but  these  were  carefully  sorted  out  of  the  coal. 

SMrrHTiELD.    Plum  Run  No.  1,  No.  4,  and  No.  5  Mines. 

Sarnple. — Bituminous  coal;  Ohio  field;  analyses  Nos.  15486, 15487,  and  15488  (p.  63). 

Mines. — Plum  Run  mines  Nos.  1,  4,  and  5,  in  SW.  J  and  NW.  }  sec.  29  and  sec.  30, 
T.  5  N.,  R.  2  W.,  2  miles  east  of  Smithfield,  on  branch  of  Lake  Erie,  Alliance  &  Wheel- 
ing Railroad. 

Coal  bed. — Pittsburgh  or  No.  8  of  Ohio  Geological  Survey.  Carboniferous  age, 
Monongahela  formatbn.  Thickness,  4}  to  5  feet.  The  bed  lies  nearly  flat.  The  coal 
is  overlain  by  a  layer  of  clay  1  foot  thick;  above  this  clay  is  the  "roof  coal,"  which 
varies  in  thickness  and  was  not  mined.    In  the  middle  of  the  bed  is  a  ''bearing  in". 
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layer,  3  to  4  inches  thick,  which  was  rejected  in  mining.  The  coal  above  this  layer 
varies  considerably  in  thickness  from  place  to  place.  ** Sulphur"  in  the  form  of  small 
scattered  lenses  and  bands  was  common. 

The  bed  was  measured  and  sampled  at  one  point  in  No.  1,  at  one  point  in  No.  4,  and 
atone  point  in  No.  5  mine  by  D.  D.  Gondii  on  January  2,  1913,  as  described  below: 

Sections  of  coal  bed  in  Plum  Run  mines. 


Section 

Laboratory  No 

Boof.clay. 

Coal 

" Sulphur"  and  clay 

CoaL 

•* Sulphur"  and  clay 

Coal 

Floor,  clay  and  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

15486 

15487 

Ft.    in. 

Ft.    Hi. 

2   3 

1  10 

«0 

oO 

•  0   2} 

«0   i 

2  3 

2  3 

4  9 

4   4j' 

4  6 

4   1 

1 

a  Not  included  in  sample. 

Section  A  (sample  15486)  was  measured  in  mine  No.  1,  room  7,  off  first  south  face  en- 
try, off  seventh  east  entry,  2,500  feet  northeast  of  the  mine  mouth.  Cover,  about  60  feet. 

Section  B  (sample  15487)  was  measured  in  mine  No.  4,  room  14,  off  fifteenth  right 
entry,  4,400  feet  northeast  of  the  mine  mouth.    Cover,  225  feet. 

Section  C  (sample  15488)  was  measured  in  mine  No.  5,  room  3,  off  second  right  entry, 
off  first  right  face  entry,  1,800  feet  southeast  of  the  mine  mouth.    Cover,  200  feet. 

Notes. — ^At  the  time  of  sampling  there  were  four  drift  mines  in  operation  here.  The 
combined  output  of  screened  coal  was  reported  at  1,350  tons  a  day. 

Steubenville.    La  Belle  Mine. 

Sample. — Bituminous  coal;  Ohio  field;  anal3r8es  Nos.  15675  and  15676  (p.  63). 

Mine.—lA  Belle,  a  shaft  mine  in  SW  J,  sec.  29,  T.  2  N.,  R.  1 W.,  on  the  banks  of  Ohio 
River  in  the  city  of  SteubenviDe. 

Coal  bed. — Lower  Freeiwrt.  Carboniferous  age,  All^heny  formation.  The  thick- 
ness varies  greatly  from  place  to  place.    The  bed  lies  about  100  feet  below  river  level. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  D.  D.  Condit 
on  January  9, 1913,  as  described  below: 

Sections  of  coal  bed  in  La  Belle  mine. 


Sectioo 

Laboratory  No 

Roof,  shale. 

Coal 

Bone 

Coal 

Shale 

Coal 

FloQr,  day,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

16675 

Ft. 

in. 

1 

9 

0 

i 

0 

9 

aO 
0 

Ji 

3 

2 

3 

f 

B 
15676 

FL  in. 

1  9 

0  1 

0  84 

aO  3 

0  7 

3  41 

3  ll 


a  Not  included  in  sample. 

Section  A  (sample  15675)  was  measured  in  room  9,  off  left  entry,  off  second  south 
butt  entry,  5,200  feet  southeast  of  the  shaft. 

Section  B  (sample  15676)  was  measured  in  fifth  south  butt  entry,  off  southeast 
entry,  4,400  feet  southeast  of  the  shaft. 

Notes. — At  the  time  of  sampling  nearly  all  the  output  was  from  West  Virginia  terri- 
tory. The  coal  was  used  in  iron  and  steel  mills.  The  coal  at  the  bottom  of  the  bed 
is  somewhat  high  in  sulphur  and  for  that  reason  was  kept  separate  from  the  remainder 
of  the  bed  and  used  only  for  steam  purposes. 
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Belle  Valley.    Noble  Mine. 

Sample. — Bituminous  coal;  Ohio  field;  analyses  Nos.  17213,  17214,  and  17215 
(p.  63). 

Mine, — Noble,  a  shaft  mine  1  mile  northwest  of  Belle  Valley  on  the  Marietta  divi- 
sion of  the  Pennsylvania  Railroad. 

Coed  bed, — Known  as  No.  7,  Carboniferous  age,  AU^heny  formation.  Average  thick- 
ness, about  4  feet  6  inches.  Dip,  northeast.  Rock  faults  are  of  frequent  occiirrence. 
The  roof  is  shale,  roof  coal,  shale,  and  sandstone  in  the  order  mentioned.  The  floor 
is  a  hard  smooth  clay.  Particles  of  the  roof,  but  not  of  the  floor,  occasionally  get 
mixed  with  the  coal  in  loading.  There  are  two  other  workable  beds  of  coal  at  the 
Noble  mine,  one  about  250  feet  above  and  the  other  100  feet  below  the  No.  7  bed. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  H.  D.  Mason,  jr., 
and  G.  W.  Salisbury  on  May  21,  1913,  as  described  below. 

Sections  of  coal  bed  in  Noble  mine. 


SectioiL, 

Laboratory  No 

Roof,  shale. 

Top  coal  laminated  with  mother  coal 

Coal 

Mother  coal 

Coal 

BomycoaL 

"Sulphur" 

Coal 

"Slate"  binder 

Coal 

Bottom  coal 

Floor,  underclay. 

Tlilclmeas  of  bed 

Thickness  of  coal  sampled 


A 

17213     1 

Ft. 

in. 

0 

6i 

1 

9 

•  • 

0 

i' 

0 

8 

oO 

3 

0 

10 

0 

2 

4 
4 

1 

B 

17214 

Ft.  in. 
0      5 
0    1(^ 

0  1 

1  3 

0  2i 

1  6 
aO      2 

0    10 


5      4 
5     2 


o  Not  included  in  sample. 

Section  A  (sample  17213)  was  measured  at  the  face  of  eighth  south  entry  (motor 
road),  5,700  feet  southwest  of  the  shaft  bottom. 

Section  B  (sample  17214)  was  measured  at  the  face  of  room  5  of!  seventh  south  entry, 
5,600  feet  southwest  of  the  shaft  bottom. 

A  composite  sample  was  made  by  mixing  samples  17213  and  17214.  The  results  of 
an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  17215. 

No(e. — ^The  shaft  is  185  feet  deep.  The  mine  is  worked  by  the  room-and-pillar 
method.  At  the  time  of  sampling  the  coal  was  shot  down  with  FF  black  blasting 
powder .  Dynamite  was  used  for  brushing  the  floor  and  roof.  About  80  per  cent  of  the 
coal  was  shipped  as  run-of-mine.  About  33  per  cent  of  the  coal  going  to  the  screens 
passed  through.  The  screens  consisted  of  bars  72  feet  long  with  IJ  and  }  inch  open- 
ings. Pickers  were  employed  on  the  cars  in  loading.  There  were  three  loading  tracks 
with  a  capacity  of  50  empty  cars  and  50  loaded  cars.  The  average  daily  output  was 
600  tons,  with  a  capacity  of  1,500  tons.    There  was  about  200  acres  to  be  mined  from 

this  opening. 

OKIiAHOMA. 

HASKELL  COUNTY. 

McCuRTAiN.    San  Bois  No.  2  Mine. 

Sample. — Bituminous  (coking)  coal;  McAlester  field;  analyses  Nos.  13688,  13689, 
13690,  13691,  13692,  and  13693  (p.  64). 

Mine. — San  Bois  No.  2,  a  slope  mine,  1  mile  west  of  McCurtain,  on  the  Fort  Smith 
&  Western  Railway. 

Coal  bed. — ^McCurtain  (Hartshome)  bed.  Carboniferous  (Allegheny)  age,  McAles- 
ter  shale.  Average  thickness,  7  feet.  Roof,  shale  of  medium  quality;  floor,  hard  clay 
with  smooth  surface.    Dip,  7®  S.    Cover  at  points  of  sampling,  about  225  feet. 
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The  bea  was  measured  and  sampled  at  five  points  in  the  mine  by  R.  Y.  WiUiamB 
on  March  30  and  April  2,  1912,  as  described  below: 

Sections  of  coal  bed  in  the  San  Bois  No,  t  mine. 


8«ctloo 

Laboratory  No 

Boof.  dark  mj  limey  shale. 

Coal,  soft,  bright,  granular 

Bone 

Coal,  soft  and  bright 

"8uq>hur"  and  bony  coal 

Coal,  soft  and  brteht 

Coal,  contain  tng  3  bone  streaks 

Coal,  soft  and  bright. 

FkKir.  hard  shale. 

Thickness  of  bed. 

Thickness  of  coal  sampled 


A 

B 

C 

D 

13088 

13880 

13000 

13091 

Ft.  in. 

J^.   M. 

FL  in. 

FU  in. 

2    2i 

2    4 

2    3i 

2    8 

a2    8 

ol    7 

al    4 

•  3    2 

0  10 
aO 

1  { 

0  1 

1  H 

1    7 
0 
1    8| 

0  11} 

0    I 

2    2 

1 
2    2 

..... 

•  •         *  • 

•  •         •  • 

•  •         •  • 

u 

m 

6  10 
5    6 

8  Uf 
6    8} 

E 

13002 

Ft.  in. 

2    1 
al 

0 

0 

2 


2 
6 


4 


6    6 
6    4 


a  Not  faicluded  in  sample. 

Section  A  (sample  13688)  was  measured  at  the  face  of  thirteenth  south  entry,  5,000 
feet  west  of  the  slope  mouth. 

Section  B  (sample  13689)  was  measured  at  the  face  of  room  3,  of!  thirteenth  north 
entry,  top  side,  5,000  feet  west  of  the  slope  mouth. 

Section  C  (sample  13690)  was  measured  at  the  is^ce  of  eleventh  south  entry,  50  feet 
south  of  the  slope  and  5,000  feet  west  of  the  slope  mouth. 

Section  D  (sample  13691)  was  measured  at  the  face  of  twelfth  south  entry  in  the  top 
side,  5,500  feet  west  of  the  slope  mouth. 

Section  E  (sample  13692)  was  measured  at  the  neck  of  room  6,  twelfth  north  entry, 
top  side,  5,300  feet  west  of  the  slope  mouth. 

Notes. — The  mine  is  worked  on  the  room-and-pillar  system.  At  the  time  of  sampling 
the  coal  was  shot  off  the  solid  with  dynamite.  The  lower  bench  was  mined  first,  then 
the  ''dirt''  band  was  removed  and  the  upper  3  feet  of  coal  was  blasted.  The  tipple 
was  provided  with  bar  screens  and  the  entire  output  was  screened.  The  screenings 
were  washed  and  coked,  there  being  210  ovens  at  this  plant.  Pickers  were  employed 
on  the  cars.    The  average  daily  output  was  about  600  tons. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  149,  675. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 

Bull.  260,  1905,  p.  382. 

PITTSBTTBO  OOXJNTY. 

Adahson.    Eclipsb  No.  1  Mine. 

Sample. — ^Bituminous  coal;  McAIeoter  field;  analyses  Nos.  16143,  16144,  and  16145 
(p.  64). 

Mine. — Eclipse  No.  1,  a  slope  mine  in  sec.  9,  T.  5  N.,  R.  17  £.,  H  miles  east  of 
Adamson,  on  Uie  Missouri,  Kansas  &  Texas  Railway. 

Coal  bed. — ^Lower  Hartshome,  Carboniferous  (Allegheny)  age,  McAlester  shale. 
Average  thickness,  4  feet  6  inches.  Dip,  38^  northwest.  Cleat,  east  and  west.  No 
foults,  rolls,  or  horsebacks  are  encoimtered.  The  immediate  roof  is  a  ''draw  slate" 
1  to  8  inches  thick  which  comes  down  with  the  coal;  above  the  "slate  "  is  a  gray  shale. 
The  floor  is  a  hard  smooth  shale.  Particles  from  both  the  floor  and  roof  get  mixed 
with  the  coal  in  mining.  Cover  at  points  of  coupling,  about  200  feet.  The  bed  was 
measured  and  sampled  at  two  points  in  the  mine  by  W.  T.  Burgess  on  January  30, 1913. 

Section  A  (sample  16143)  was  measured  at  the  face  of  the  third  east  entry,  600  feet 
northeast  of  the  mouth  of  the  elope.  The  sample  represents  4  feet  6  inches  of  clean 
coal,  the  thickness  of  the  bed. 

Section  B  (sample  16144)  was  measiu^  at  the  hce  of  the  third  west  entry,  600  feet 
northwest  of  the  mouth  of  the  slope.    The  sample  represents  4  feet  of  clean  coal,  the 

ickness  of  the  bed. 
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A  composite  sample  was  made  by  combining  samples  16143  and  16144.  The  ulti- 
mate analjrsis  of  this  sample  is  given  under  laboratory  No.  16145. 

Note$. — ^The  mine  is  worked  by  the  room-and-piUar  system.  At  the  time  of  sam- 
pling the  coal  was  shot  off  the  solid  with  black  powder  and  ''40  per  cent"  dynamite. 
These  explosives  were  also  used  in  brushing  the  floor  and  roof.  The  coal  was  all 
shipped  as  run-of-mine.  Pickers  were  employed  on  the  cars.  The  daily  output  was 
about  100  tons,  all  from  advance  workings.    The  mine  had  a  probable  life  of  about 

five  years. 

Alderson.    Alderson  No.  5  Mine. 

Sample. — ^Bituminous  coal;  McAlester  field;  analyses  Nos.  11915, 11916,  11917,  and 
11918  (p.  65). 

Mine. — ^Alderson  No.  5,  a  shaft  mine  in  sec.  15,  T.  5  N.,  R.  15  E.,  1}  miles  southwest 
of  Alderson,  on  the  Chicago,  Rock  Island  &  Pacific  Railway. 

Coal  bed. — ^McAlester.  Carboniferous  (Allegheny)  age,  McAlester  shale.  Average 
thickness,  3. feet  6  inches;  dip,  9*^  southwest.  Roof,  smooth  bluish-gray  shale;  floor, 
hard,  rough  fire  clay.  Cover,  320  to  625  feet.  The  bed  was  measured  and  sampled 
at  four  points  in  the  mine  by  H.  I.  Smith  on  March  6,  1911,  as  described  below: 

Sections  of  coal  bed  in  Alderaon  No.  6  mine. 


Sedkm. 

Laboratory  No 

Roof,  shale. 

Coal,boov 

Shale  and  coal 

Coal,8oft 

Coal,  uniform 

Floor,  clay. 

Thidmess  of  bed 

Thickness  of  ooal  sampled 


A 

B 

C 

11915 

11916 

11917 

FL  in. 

Ft.  in. 

Ft.  in. 

mm             •  • 

*  «    •  • 

aO   4 

■  •      •  • 

•  •    •  • 

aO   6 

•  •     •  • 

•  •    «  • 

0   6 

3   7 

3  5 

2   0 

3   7 

3   5 

3   4 

8   7 

8  6 

2   6 

D 

11918 

FL  in. 


0  7 

8  0 

8  7 

3  7 


a  Not  included  in  sample. 

Section  A  (sample  11915)  was  measured  at  the  face  of  room  1,  off  the  fourth  west 
back  entry,  off  the  west  slope,  2,200  feet  west  of  the  shaft. 

Section  B  (sample  11916)  was  measured  at  the  ^e  of  room  7,  off  seventh  west  entry, 
off  the  west  slope,  about  2,800  feet  northwest  of  the  shaft. 

Section  C  (sample  11917)  was  measured  at  the  f&ce  of  room  66,  off  eleventh  east  entry, 
off  the  east  dope,  about  4,000  feet  east  of  the  shaft. 

Section  D  (sample  11918)  was  measured  at  the  face  of  second  west  entry,  off  the  east 
slope,  about  2,000  feet  southeast  of  the  shaft.  This  section  contained  a  '^sulphur" 
band  one-eighth  inch  thick  about  7  inches  from  the  top. 

Notes. — ^The  mine  is  worked  by  the  room-and-pillar  system;  the  shaft  is  555  feet 
deep.  At  the  time  of  sampling  the  coal  was  undercut  and  was  shot  down  with  FF 
black  powder  and  a  permissible  explosive.  The  coal  was  friable,  about  75  per  cent 
passing  through  a  4-inch  screen.  Pickers  were  employed  on  the  cars  in  loading.  The 
four  loading  tracks  had  a  capacity  of  25  empty  cars  and  100  loaded  cars.  The  daily 
output  was  400  tons,  all  from  advance  workings.    The  pillars  were  not  robbed. 

Alderson.    Alderson  No.  38  Mine. 

Sample. — ^Bituminous  coal;  McAlester  field;  analyses  Nos.  11592,  11594,  11670, 
15188,  and  15189  (p.  65). 

Mine. — Alderson  No.  38,  a  slope  mine  in  T.  5  N.,  R.  15  £.,  2  miles  east  of  Alderson, 
on  the  Chicago,  Rock  Island  &  Pacific  Railway. 

Coal  bed. — ^McAlester.  Carboniferous  (Allegheny)  age,  McAlester  shale.  Average 
thickness,  3  feet  5  inches;  dip,  15^  to  17^  south.  Roof,  bluish-gray  shale;  floor,  hard, 
brittle  clay.    Cover  at  points  of  sampling,  425  to  750  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  H.  I.  Smith  on 
January  17  and  30, 1911,  and  at  two  points  by  C.  S.  Stevenson  and  W.  T.  Buigess  on 
December  1, 1912. 
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Sample  11592  was  taken  in  room  1,  off  seventh  west  entry,  about  2,200  feet  down  the 
main  slope.    The  sample  represents  2  feet  9  inches  of  clear  coal. 

Sample  11594  was  taken  in  room  4,  off  fifth  east  entry,  about  2,300  feet  down  the  Duun 
slope.    The  sample  represents  3  feet  3  inches  of  clear  coal. 

Sample  11670  was  taken  in  room  26,  off  fourth  east  entry,  about  1,900  feet  down  the 
main  slope.  The  sample  represents  3  feet  2  inches  of  coal  that  contained  a  few  thin 
seams  (less  than  one-eighth  inch  thick)  of  bony  coal. 

Sample  15188  was  taken  at  the  face  of  sixth  east  entry,  and  represents  3  feet  6  inches 
of  coal. 

Sample  15189  was  taken  at  the  face  of  seventh  west  air  course,  and  represents  3  feet  9 
inches  of  coal. 

Each  sample  represents  the  thickness  of  the  bed  at  that  point. 

Notes. — ^The  mine  is  worked  by  the  room-and-pillar  system.  At  the  time  of  sampling 
the  coal  was  shot  from  the  solid  with  FF  black  powder.  None  of  the  coal  was  shipped 
as  run-of-mine  during  1910.  About  33  per  cent  of  the  coal  would  pass  through  a  2}-inch 
screen.  The  coal  was  not  washed.  There  were  5  loading  tracks  with  a  capacity  of 
14  empty  and  14  loaded  cars.    The  capacity  was  200  tons  a  day. 

Craig.    Bolen-Darnall  No.  4  Mink. 

Sample. — ^Bituminous  coal;  McAlester  field;  anal3rses  Nos.  15104  and  15105  (p.  65). 

Mine. — Bolen-Darnall  No.  4,  a  slope  mine  in  Craig,  on  the  Ardmore  branch  of  the 
Chicago,  Rock  Island  &  Pacific  Railway. 

Coal  bed. — ^Lower  Hartshome  ( ?).  Carboniferous  (Allegheny)  age,  McAlester  shale. 
Thickness,  fairly  imiform,  average  about  3  feet.  Roof,  bluish  sandy  shale,  soft  in 
places.  Floor,  hard  rough  clay,  which  becomes  soft  when  exposed  to  the  action  of 
water.    Cover  at  points  of  sampling,  about  700  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  W.  T.  Burgess 
and  C.  S.  Stevenson  on  November  12, 1912,  as  described  below: 

Sections  of  coal  bed  in  Bolen-Darnall  No.  4  mine. 

Section. 

Laboratory  No 

Roof,  grey  shale. 

OaiO. 

"Sulphur"  band 

Coal 

Floor,  fire  olay. 

Thickness  of  bed 

Thickness  of  coal  sampled 

a  Not  indnded  in  sample. 

Section  A  (sample  15104)  was  measured  at  the  &ce  of  eighth  west  entry,  3,000  feet 
northwest  of  the  mou.th  of  the  slope. 

Section  B  (sample  15105)  was  measured  at  the  face  of  eighth  east  entry,  3,000  feet 
from  the  mouth  of  the  slope. 

Notes. — ^The  mine  is  opened  by  a  slope  and  is  worked  on  the  room-and-piUar  sys- 
tem. The  coal  from  this  mine,  like  many  others  in  this  field,  breaks  easily  into  small 
pieces.  In  1910  about  55  per  cent  of  the  coal  passed  through  the  screens.  Only  a 
small  proportion  was  shipped  as  run-of-mine.    The  average  daily  output  was  about 

150  tons. 

McAlester.    Busby  No.  5  Mine. 

Samples.— BituminouB  coal;  McAlester  field;  analyses  Nos.  11509,  11586,  11587, 
11588, 11589,  11590,  and  11591  (p.  65). 

Mine. — Busby  No.  5,  a  shaft  mine  in  sec.  32,  T.  6  N.,  R.  15  £.,  2  miles  east  of  Mc- 
Alester on  the  Chicago,  Rock  Island  A  Pacific  Railway  and  the  Missouri,  Kansas  A 
Texas  Railway. 

Coal  bed.—iicAleaiei.  Carboniferous  (Allegheny)  age,  McAlester  shale.  Average 
thickness,  4  feet;  dip,  lO""  S.  15''  W.;  cleat,  S.  30^  £.  Roof,  bluish-giay  shale  30  feet 
Sick;  floor,  hard  fire  clay.    Cover  at  points  of  sampling,  550  to  720  feet. 
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The  bed  was  meftsured  and  sampled  at  six  places  in  the  mine  by  H.  I.  Smith  on 
January  11  and  19,  1911. 

Sample  11569  was  taken  in  room  11,  off  third  west  entry,  off  the  east  slope,  about 
1,600  feet  from  the  shaft.  The  sample  represents  4  feet  2  inches  of  clear  coal,  the 
thickness  of  the  bed. 

Sample  11586  was  taken  at  the  foce  of  second  west  entry,  off  the  west  slope,  300 
feet  beyond  room  26.  The  sample  represents  4  feet  of  coal  that  contained  a  J-inch 
band  of  ''sulphur"  about  4  inches  from  the  top. 

Sample  11587  was  taken  at  the  face  of  third  east  entry,  off  the  east  slope,  120  feet  be- 
yond room  22.  The  sample  represents  the  thickness  of  the  bed,  4  feet  2  inches;  the 
upper  three-fotirths  of  an  inch  was  bony  coal. 

Sample  11588  was  taken  at  the  face  of  fourth  east  entry,  off  the  west  slope.  The 
bed  was  4  feet  thick  and  contained  |-inch  band  of  **  sulphur,"  8}  inches  from  the  top. 
The  top  inch  was  bony  coal .    The  sample  represents  the  entire  thickness  of  the  bed . 

Sample  11589  was  taken  at  the  face  of  fifth  east  entry,  off  the  east  slope,  where  the 
bed  was  4  feet  3  inches  thick.  The  sample  represents 4  feet  1}  inches  of  coal.  There 
was  1)  inches  of  bony  coal  above  the  part  sampled. 

Sample  11590  was  taken  at  the  face  of  third  east  entry,  off  the  west  slope,  200  feet  be- 
yond room  8.  The  sample  represents  the  entire  thickness  of  the  bed.  The  bed  was 
4  feet  thick,  the  top  inch  was  bony  coal,  and  there  was  a  band  of  ''sulphur"  i  inch 
thick,  10  inches  from  the  top. 

A  composite  sample  was  made  by  mixing  face  samples  11586  to  11590.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  Laboratory  No.  11591. 

Notes. — ^The  mine  is  worked  by  the  room-and-pillar  system.  At  the  time  of  sam- 
pling the  coal  was  shot  from  the  solid  with  FF  black  powder.  Only  a  small  proportion 
of  the  coal  was  sold  as  run-of-mine.  About  65  per  cent  of  the  coal  going  to  the  screens 
would  pass  through  a  2-inch  screen.  Pickers  were  employed  on  the  cars  and  at  the 
■haVing  screens.  There  was  no  washery.  The  four  loading  tracks  had  a  capacity  of 
20  empty  and  20  loaded  cars.  The  output  was  600  tons  a  day;  the  unmined  area  trib- 
utary to  this  opening,  200  acres. 

OREGON. 

COOS  COUNTY. 

West  Fork.    Flanioan  Prospect. 

Sample, — Bituminous  coal;  Eden  Ridge  field;  analysis  No.  14828  (p.  66). 

Jfin^.— Flanigan  prospect,  in  NE.  i  sec.  28,  T.  32  S.,  R.  11  W.,  36  miles  southwest 

of  West  Fork  (Dothan  post  office),  on  the  Southern  Pacific  Railway. 

Coal  bed. — ^Anderson.    Tertiary  (Eocene)  age,  Arago  formation. 

The  bed  was  measured  and  sampled  by  M.  R.  Campbell  on  September  24,  1912,  as 

described  below: 

Section  of  coal  bed  in  Flanigan  prospect. 


Laboratory  No 

RooCfSbale. 

Coal 

Bone 

Coal 

Coaly  bony 

Clav,  white 

Bonel 

Coal 

Bone 

Coal,  soft,  weathered  (not  mined). 
Floor,  clay. 

TnickneaB  of  bed 

Thickness  of  coal  sampled 


14828 

Ft. 

in. 

0 

3i 

0 

2 

1 

6 

0 

5 

oO 

2 

0 

8 

aO 

2* 

0 

6 

0 

3 

1 

4 

5 

6 

5 

li 

a  Not  included  in  sample. 

Notes. — ^The  sample  was  taken  in  the  entry,  125  feet  from  the  mouth  of  the  entry, 
and  represents  wet  coal. 
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West  Fork.    Hammond  Prospect. 

Sample. — ^Bituminous  coal;  Eden  Kidge  field;  analysis  No.  14831  (p.  66). 

ifine.— Hammond  prospect,  in  SW.  J  NE.  J  sec.  29,  T.  32  S.,  R.  11  W.,  37  miles 
southwest  of  West  Fork  (Dothan  post  office),  on  the  Southern  Pacific  Railway. 

Coal  bed. — Carter.    Tertiary  (Eocene)  age,  Arago  formation. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  M.  R.  Campbell  on 
September  26,  1912,  as  described  below: 

Section  of  coal  bed  in  Hammond  prospect. 


Laboratory  No 

Roof,  shale  and  coal. 

Coal 

Bone  and  coal 

Coal 

Bone  and  coal 

Coal 

Bone 

Coal 

Floor,  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled 


14831 

Ft. 

in. 

0 

lOJ 

"0 

8 

0 

7 

oO 

11 

1 

1 

aO 

2 

1 

H 

6 

0 

4 

3 

a  Not'  included  in  samfde. 

Notes. — The  sample  was  collected  in  the  entry,  100  feet  from  the  drift  mouth,  and 
represents  dry  coal. 

West  Fork.    Hilus  Prospect. 

Sample. — Bituminous  coal;  Eden  Ridge  field; -analysis  No.  14827 and  14830 (p.  66). 

J/ine.— Hillis  prospect,  in  SE.  \  NE.  i  sec.  32,  T.  32  S.,  R.  11  W.,  36  miles  south- 
west of  West  Fork  (Dothan  post  office),  on  the  Southern  Pacific  Railway. 

Coal  bed. — ^AnderBon.    Tertiary  (Eocene)  age,  Arago  formation. 

The  bed  was  measured  and  sampled  at  two  points  in  the  prospect  by  M.  R.  Campbetf 
on  September  24,  1912,  as  described  below: 

Sections  of  coal  bed  in  Hillis  prospect. 


Laboratory  No 

Roof,  shale. 

Coal 

Bone 

Coal 

Bone 

Coal 

Clay,  white 

Bone  and  bony  coal 

COQl 

Coal,  soft 

Bone 

Floor,  clay. 

Tnk*kne88  of  bed 

Thk'kness  of  coal  sampled 


14827 

Ft. 

Hi.  1 

OO 

1 

aO 

«0 

i 

. 

oO 

fl2 

2 

. 

oO 

3 

OO 

2 

al 

5 

1 

H 

ffO 

3 

aO 

8 

6 

10 

1 

3i 

\ 

14830 
Ft.  in. 

0 

0 

2 
«0 
aO 
•1 
al 
aO 


4 

2; 
3 
2 
6 

3J 
3 


aO      8 

A    10 
2      01 


a  Not  included  in  sample. 

Notes.^Both  samples  were  taken  in  the  entry,  90  feet  from  the  mouth.    Sample 
14827  represents  wet  coal  and  sample  14830  represents  dry  coal. 

West  Fork.    Vanderpool  Prospect. 

Sample. — Bituminous  coal;  Eden  Ridge  field;  analysis  No.  14829  (p.  67). 
JAri^.— Vanderpool  prospect,  in  NW.  J  NE.  J  sec.  30,  T.  32  S.,  R.  11  W.,  38  miles 
southwest  of  West  Fork  (Dothan  post  office),  on  the  Southern  Pacific  Railway. 
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Coal  bed. — ^Anderson.    Tertiary  (Eocene)  age,  Arago  fonnation. 
The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  M.  R.  Campbell  on 
September  27, 1912,  as  described  below: 

Section  of  coal  bed  in  Vanderpool  prospect. 


Laboratory  No 

Ro<rf,  shale. 

Coal 

Bone 

Coal 

Bone 

Coal,  good 

Bone 

Clay,  white t 

Coal,  hard 

Coal,  soft,  laminated 

Floor,  day. 

Thickness  of  bed 

'nUckness  of  ooal  sampled 


14829 

Ft. 

in. 

oO 

3 

oO 

7 

0 

2 

0 

1 

1 

7 

oO 

3 

aO 

5 

OO 

9 

«1 

9J 

5 

lOJ 

1 

10 

a  Not  included  in  sample. 

Notes. — ^The  sample  was  taken  in  the  entry,  217  feet  from  the  mouth  of  the  entry,  and 
represents  dry  coal. 

MALHBTJB  COTJNTY. 

Nyssa.    Honolulu  Prospect. 

Sample. — Lignite;  analysis  No.  12585  (p.  67). 

Mine. — Honolulu  prospect,  in  NE.  J  sec.  2,  T.  22  S.,  R.  44  E.  (unsurveyed),  about 
25  miles  southwest  of  Nyssa,  on  the  Oregon  Short  Line  Railroad. 

Lignite  bed. — ^Not  named .  Tertiary  (Miocene?)  age ,  Payette  formation .  Thickness, 
2  feet 4  inches;  variable.  Dip,  about  6®  SW. ;  strike,  N.  37®  W.  The  bed  is  irregular 
in  character.  Roof,  shale;  floor,  clay.  At  an  opening  about  1,000  feet  north  of  the 
point  of  sampling  the  bed  is  cut  by  a  sill  of  basalt  and  in  places  is  metamorphosed 
to  high-grade  coal,  which  occurs  in  small  lenses. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  0.  F.  Bowen  on  July 
24, 1911,  as  shown  below: 

Section  of  lignite  bed  at  Honolulu  prospect. 


Laboratory  No 

Roof,  shale. 

Lignite,  fair 

Lignite,  bonv 

Floor,  clay,  sandy. 

Thickness  of  Ded 

Thickness  of  lignite  samided 


12585 
Ft.  in, 
0   8 
ol    8 

2    4 

0    8 


a  Not  included  in  sample. 

The  sample  was  taken  at  the  mouth  of  the  slope;  the  lignite  was  more  or  less  weath- 
ered. 

PENNSYLVANIA. 

ALLBaHENY  COTJNTY. 

Bruceton.    Experimental  Mine. 

Sompfe.— Bituminous  coal;  Pittsburgh  field;  analyses  Nos.  11983,  11984,  11986, 
11986,  12251,  12262,  12264,  12274,  12557,  12569,  12572, 12577,  14797,  and  14798  (p.  67). 

Mine.— The  Experimental  mine  of  the  United  States  Bureau  of  Mines  is  a  drift 
opemng  in  the  Pittsburgh  district,  about  1  mile  south  of  Bruceton,  near  the  Baltimore 
A  Ohio  Railroad  siding  at  Wallace  Station. 
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Coal  bed. — Pittsburgh.  Carboniferous  age,  Monongahela  formation.  Average 
thickness  at  mine,  about  5  feet  3  inches.  The  roof  is  a  "draw  slate''  10  to  12  inches 
thick,  above  which  there  are  thin  strata  of  coal  and  shale,  overlain  by  shale.  The 
coal  above  the  "draw  slate ''  adheres  to  the  roof  shale.  The  floor  is  a  fire  clay.  The 
bed  is  practically  horizontal  and  the  cover  at  the  points  where  the  samples  were  taken 
is  15  to  140  feet  thick. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  L.  M.  Jones 
on  April  4,  1911,  and  at  nine  points  by  H.  I.  Smith  between  May,  1911,  and  Octo- 
ber, 1912,  as  described  below: 

Sections  of  coal  bed  at  Experimental  min(^ 

[SECTIONS  A  TO  F.] 


Section. 

Laboratory  No 

Roof,  "draw  slate." 

CooL 

Shale 

Soft  dirt  and  "sulphur" . . 

Coal 

Fire  clay 

Soft  dirt  and  "sulphur" . . 

Coal 

Shale 

CoaL 

Shale 

Coal 

" Sulphur"  band 

CoaL 

Dirty  coal  and  shale 

Floor,  flre  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled. 


A 

11983 
Ft.  in. 

1      8 


I    I 


2 


2 
2J 


6    11 
6      7i 


B 
11984 
Ft.  in. 


aO 


'\ 


0      2) 


1 


1 


•8  ^ 

aO      3 
6      3 


C 
11985 
Ft.  in. 
2     3 


0 

0 
aO 

0 
aO 

0 
aO 

1 


4 

I 


9 


5  3 

6  I 


D 
12251 
Ft.  in. 
3     3 


aO  i 

•  •  •  • 

0  3 

0  5{ 


1    11 


5    11 


i^ 


E 
12262 
Ft.  in. 
2     8 


Streak. 
0 


0 


1 


2      5 


0      0 
5    lOi 


F 
12264 
Ft.  in. 

2      7 

a'o""i 


0 
aO 

0 
aO 

0 
aO 

1 


5 
5 


3 

h 
3 

4 


5 
3i 


a  Not  included  in  sample. 
[SECTIONS  G  TO  L.] 


Section. 

Lalxntitory  No , 

Roof,  "draw  slate." 

Coal , 

" Sulphur"  or  bone , 

Coal 

" Sulphur"  and  shale . . . . . 

Coal 

"Sulphur" , 

Coal 

Shale  binder , 

Coal , 

Shale  binder 

Bone 

Coal 

"Sulphur"  balls 

CoaL 

Mother  coal 

Coal 

Bony  coal 

Coal 

Dirty  coal 

Floor,  underclay. 

Thickness  of  bed 

Thickness  of  coal  sampled. 


0     1 

0     3 

0 

1 

0 

0 

0 

0 


1 
J 


5      4 
5      4 


H 
12569 
Ft.  in. 

I  1 

1      6 


aO 


0      2} 
0       I 


0    11 
0       i 


0 
aO 

5 
4 


4 

3 


I 
12572 
Ft.  in. 

Si 

0      1 

0  1(4 


streak. 
0     2| 
aO     1 


0     U 
0     7| 


0  } 

0  10 

aO  3 

5  2 

4  10 


a  Not  included  in  sample. 


Section  A  (sample  11983)  was  measured  on  the  rib  of  the  first  crosscut,  about  200 
feet  from  the  mouth  of  the  air  course. 

Section  B  (sample  11984)  was  measured  on  the  rib  near  the  face  of  the  air  course, 
390  feet  from  the  mouth  of  the  air  course. 

Section  C  (sample  11985)  was  measured  at  the  face  of  the  main  entry,  345  feet  from 
the  mouth  of  the  main  entry. 
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A  composite  sample  was  made  by  mixing  samples  11983, 11984,  and  11985.  The  re- 
sults of  an  analyst/!  of  this  sample  are  shown  imder  laboratory  No.  11986. 

Section  D  (sample  12251)  was  measured  in  the  air  course,  about  75  feet  from  the 
outcrop  at  the  mouth  of  the  air  course. 

Section  £  (sample  12262)  was  measured  on  the  left  side  of  the  air  course,  about  150 
feet  from  the  mouth  of  the  air  course. 

Section  F  (sample  12264)  was  measured  on  the  left  side  of  the  air  course,  about  430 
feet  from  the  outcrop  at  the  mouth  of  the  air  course. 

Section  G  (sample  12557)  was  measured  on  the  right  side  of  the  main  entry,  680 
feet  in  by  the  outcrop. 

Section  H  (sample  12569)  was  measured  on  the  right  side  of  the  main  entry,  530  feet 
in  by  the  outcrop. 

Section  I  (sample  12572)  was  measured  on  the  right  side  of  the  main  entry,  580  feet 
in  by  the  outcrop. 

Section  J  (sample  12577)  was  measured  on  the  right  side  of  the  main  entry,  630  feet 
in  by  the  outcrop. 

Section  K  (sample  14797)  was  measured  in  the  crosscut  off  the  main  entry,  at  station 
£)-1250,  3  feet  from  the  main  entry. 

Section  L  (sample  14798)  was  measured  in  the  main  entry  at  station  £-1270. 

Notes, — ^The  £xperimental  mine  is  opened  by  parallel  air  course  and  entry,  which 
at  the  time  the  last  samples  were  taken,  were  in  about  1,270  feet.  The  mine  is  used 
for  experiments  made  in  connection  with  investigations  of  the  Bureau  of  Mines. 
No  attempt  is  made  to  produce  coal  to  supply  a  r^^ular  demand.  All  the  coal  is 
shipped  as  run-of-mine. 

Crbighton.    Hitb  Mine. 

Sample, — ^Bituminous  coal;  Beaver  field;  analyses  Nos.  11130,  11132,  and  11133 
(p.  68). 

Mint, — ^Hite;  a  drift  mine  in  the  Pittsburgh  district,  at  Creighton,  on  the  Western 
Pennsylvania  branch  of  the  Pennsylvania  Railroad.  The  mine  opening  is  about 
one-eighth  of  a  mile  from  the  Allegheny  River  but  none  of  the  coal  is  shipped  by 
water. 

Coal  beds. — ^Upper  Freeport  or  E  and  Lower  Freeport  or  D,  of  the  State  Creological 
Survey.  Carboniferous  age,  Allegheny  formation.  At  this  mine  the  beds  are  sepa- 
rated by  less  than  1  foot  of  bony  coal.  Average  thickness  about  5  feet  10  inches. 
The  coal  outcrops  on  a  hillside  and  lies  practically  level;  slight  variations  of  dip  are 
due  to  local  rolls.  The  face  cleavage  strikes  approximately  northeast  and  the  butt 
cleavage  about  southwest.  The  coal  is  of  good  quality.  The  immediate  roof,  a  hard 
gray  shale,  is  overlain  by  about  1  foot  6  inches  of  cannel  coal.  The  floor  is  a  smooth 
hard  fire  clay.  The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by 
L.  M.  Jones  and  J.  J.  Rutledge  on  October  28,  1910,  as  described  below: 

Sections  of  coal  bed  in  Hite  mine. 


Seotkoi 

Laboratory  No 

Rool.  cannel  coal. 

Coal,  clean  and  hard 

Mother  coal 

Coal 

Coal,  bony 

Coal-.TTTT. 

Floor,  fire  day. 

Thickness  of  bed 

Thicjmess  of  coal  sampled 


A 

B 

11130 

11132 

FL  in. 

FL  in. 

•  •        •  • 

0      4 

•  •        •  • 

0       i 

2     4 

2     2 

aO    11 

a  0      8 

2      7 

2      8i 

5    10 

5    11 

4    11 

5     3 

a  Not  indnded  in  sample. 
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Section  A  (sample  11130)  was  taken  at  the  face  of  room  17,  oft  first  butt  entry, 
about  8,000  feet  west  of  the  mine  mouth. 

Section  B  (sample  11132)  was  taken  at  the  face  of  room  18,  oft  third  butt  entry 
9,000  feet  from  the  mine  mouth. 

A  grab  sample  of  the  cannel  coal,  1  foot  3  inches  thick,  from  above  the  coal  mined 
was  taken  at  the  intersection  of  the  line  entry  and  main  entry  1,  for  approximate 
analysis  of  which  see  Laboratory  No.  11133. 

Notes. — ^The  coal  is  mined  by  the  room-and-pillar  system.  At  the  time  of  sampling 
the  tipple  had  screens,  and  there  was  trackage  for  25  or  30  cars.  The  daily  output 
was  about  350  tons.    The  mine  is  old,  having  been  in  operation  about  30  or  40  yean. 

Oak  Station.    Oak  Mink. 

Sample, — ^Bituminous  coal;  Pittsburgh  field;  analysis  No.  10845  (p.  68). 

Mine. — Oak,  a  drift  mine  at  Oak  Station  in  the  Pittsburgh  district,  on  the  Castle 
Shannon  (narrow  gage)  railroad,  a  short  distance  south  of  Pittsburgh. 

Coal  bed. — ^Pittsburgh.  Carboniferous  age,  Allegheny  formation.  Average  thick- 
ness, 5  feet  4  inches.  The  roof,  a  ''draw  slate*'  about  12  inches  thick,  is  overlain 
with  12  inches  of  bony  coal  with  a  sandstone  cap  rock.  The  fioor  at  the  point  of 
sampling  is  limestone.  The  coal  lies  practically  level.  Cover  at  point  of  sampling, 
85  feet.  The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  L.  M.  Jones 
on  September  9, 1910,  as  described  below: 

Section  of  coal  bed  in  the  Oak  mine. 


Laboratory  No 

Roof,  *' draw  slate." 

Coal 

<<  Sulphur"  band 

Coal 

"Sulphur"  band 

Coal 

"Sulphur"  band 

Coal 

Floor,  limestone. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


10845 
FL  in. 

0     7 
aO       } 

2    11 
oO 

0 
oO 

I 

5      4} 
5      3 


a  Not  included  in  sample. 

This  section  (sample  10845)  was  measured  in  room  10,  off  left  entry  13,  5,300  feet 
north  of  the  mine  mouth. 

Notes. — ^The  coal  is  mined  by  the  room-and-pillar  system.  At  the  time  of  sampling 
the  coal  was  undercut  with  pimching  machines  and  shot  down  with  FF  black  powder. 
The  mine  was  equipped  for  producing  400  tons  a  day;  about  60  per  cent  of  the  output 
was  from  advance  workings,  the  remainder  from  pillars.  When  the  pillars  were 
robbed  the  recovery  amounted  to  about  90  per  cent  of  the  coal.  All  of  the  coal  was 
screened  over  l^inch  bar  screens;  the  screenings  amounted  to  about  30  per  cent  ol 
the  output. 

BBDFOBD  OOXJNTY. 

Hopewell.    Cambria  No.  3  Mine. 

Sample. — Semibituminous  coal;  Broadtop  field;  analyses  Nos.  15055,  15056,  15057, 
15058,  15059,  and  15060  (pp.  68,  69). 

Mine, — Cambria  No.  3,  a  shaft  mine  2  miles  east  of  Hopewell,  on  the  Huntingdon 
&  Broadtop  Eailroad. 

Coal  6«d.— Upper  Freeport,  locally  known  as  the  Kelley.  Carboniferous  age,  ADe- 
gheny  formation.    Thickness,  3  to  5  feet,  average  4  feet.    There  is  about  6  inches  of 
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"draw  slate"  above  the  coal.  Koof,  smooth  shale;  floor,  smooth  brittle  underclay, 
particles  of  which  sometimes  were  mixed  with  the  coal  in  loading.  Cover  at  points 
of  sampling,  225  feet. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  H.  I.  Smith  on 
November  8  and  9,  1912,  as  described  below. 

Sections  qf  coal  bed  in  Cambria  No.  S  mine. 


Section 

Laboratory  No 

Boof.  shale  and  "draw  slate.'' 

Coftl 

Shale 

Coal 

Mother  coal  and  "sulphur" . 

Coal 

Coal,  hard,  gray 

Coal,  broken 

Coal 

Coal  and  broken  shale  mixed. 

Coal,  bony 

Coal,  soft,  brittle 

Coal 

"Sulphur" 

Coal,  bony 

Coal 

Shale 

Coal. 


Floor,  clay. 

Tnickness  of  bed. 


Thickness  of  coal  sampled . 


'       A 

B 

C 

D 

15055 

15056 

16057 

15058 

Ft.    in. 

Ft.    in. 

Ft.    in. 

Ft.    in. 

n 

aO    4i 
aO     i 

1    4 

1    4 

•  •        •  • 

0    0 

0    i 

1    7 

•  •         •  • 

•  •         •  • 

*  •        •  • 

•  •         •  • 

0    2 
0    3l 

•  •         •  • 

0    2 

•  •         •  • 

0    4 

•  •         •  • 

0  ^ 

0    4 

6    8* 

*6  5' 

0  si 

0    2| 

0    3 
0    2i 

0    3i 

0    5 

•  •         •  • 

•  •         •  • 

•  •         •  « 

•  •         •  • 

SI 

•  •         •  • 

•  •         •  • 

6  hi 

streak. 

1    2 

•  •         •  • 

.  .        •  . 

•  •         •  • 

•  •        •  • 

0     i 

0    9^ 

1    5 

0    4 

0    5 

aO    1 

•  •         *  ■ 

0    2 

•  •         •  • 

0    4 

..     .. 

0    4i 

0    0 

3  101 
3    91 

lt\ 

3    lU 
3    11} 

3  lU 
3    111 

E 

15050 

Ft.    in, 

1    4* 


0    0^ 


0  8| 
Streak. 

>  •        •  • 

1  0 

•  •         •  ■ 

0    0 


3 
3 


3 


a  Not  included  in  sample. 

Section  A  (sample  15055)  was  measured  at  the  face  of  room  7  off  second  heading, 
7,000  feet  northeast  of  the  shaft. 

Section  B  (sample  15056)  was  measured  near  the  face,  600  feet  to  the  right  from  top 
of  third  plane,  5,100  feet  northeast  of  the  shaft. 

Section  C  (sample  15057)  was  measured  at  the  face  of  second  heading,  7,300  feet 
northeast  of  the  shaft 

Section  D  (sample  15058)  was  measured  at  the  face  of  third  heading,  7,400  feet 
northeast  of  the  shaft. 

Section  E  (sample  15059)  was  measured  at  a  point  200  feet  from  face  of  fourth 
heading,  7,000  feet  northeast  from  shaft. 

A  composite  sample  was  made  by  combining  face  samples  15055,  15056,  15058,  and 
15059.  The  results  of  an  ultimate  analysis  of  this  sample  is  given  under  laboratory 
No.  15060. 

Notes. — ^The  room-and-piUar  system  of  mining  is  employed.  At  the  time  of  sam- 
pling the  coal  was  undercut  by  hand  and  shot  down  by  FFF  black  powder.  All 
coal  was  shipped  as  run-of-mine.  Pickers  were  employed  on  the  cars  in  loading. 
There  were  two  tracks  with  a  capacity  of  32  empty  cars  and  32  loaded  can. 


CAMBBIA  OOTJNTY. 

Barnesbobo.    Allfort  Minb. 

5ampfe.— Bituminous  coal;  Windber  field;  analyses  Nos.  12221,  W19738,  W19739, 
W19740,  W19741,  W19742,  and  W19743  (p.  69). 

Mine. — ^Allport,  a  drift  mine  in  the  Clearfield  district,  1  mile  east  of  Bamesboro,  on 
the  Pennsylvania  Kailroad. 

Coal  beds. — Lower  Freeport  or  D  and  Upper  Freeport  or  E.  Carboniferous  age, 
Allegheny  formation.  Average  thickness  of  D  bed,  4  feet  5  inches;  of  E  bed,  3  feet 
7  inches.    Each  bed  has  a  roof  of  smooth  shale  and  a  floor  of  smooth  hard  fire  clay. 
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The  D  bed  was  measured  and  sampled  at  three  points  in  the  mine  and  the  £  bed  at 
three  points  by  P.  M.  Riefkin  on  April  26, 1911,  as  described  below: 

Sections  of  D  bed  in  AUport  mine. 


Seetkm 

Laboratory  No 

Roof,  shale. 

Cannelcoal 

Coal 

Mother  coal 

Coal 

"Sulphur"  and  mother  ooal 

Coal 

Hard  coal 

Coal 

Shale 

Coal 

Floor,  hard  fire  clay  (''bastard  slate"). 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 
W10740 
Ft.   in. 
aO     1 

0    10 

0 

0    10 

0 


0 
0 
0 


1 


aO      1 
1        i 


B 
Wl»741 
Ft.   in. 

?  1* 

0 
0 
0 
0 
0 

1 

aO 
0    lU 


9 
1 


J'SI 


C 
W19743 
Ft.   in. 

0     2k 
0    10 


Streak. 

1     H 

0  1 

1  1 

0 


lit 


4      8 


•  Not  included  in  sample. 

Section  A  (sample  W19740)  was  measured  at  the  face  of  left  entr3r2,  o£f  heading  9, 
o£f  the  main  heading,  6,250  feet  southeast  of  the  mine  mouth. 

Section  B  (sample  W19741)  was  measured  on  the  rib  in  room  7,  left  entry  2,  o£f  right 
entry  9,  off  the  main  heading,  6,250  feet  southeast  of  the  mine  mouth. 

Section  0  (sample  W19742)  was  measured  at  the  face  of  right  entry  9,  off  the  main 
heading,  6,950  feet  southwest  of  the  mine  mouth. 

SecHona  of  E  bed  in  AUport  mine. 


Sectioo 

Laboratory  No 

Roof,  shale. 

Coal,  bony 

Coal 

«  Sulphur"  and  mother  ooal 

Coal 

Mother  coal 

Coal,  hard 

Coal,  bony 

Coal 

Floor,  hard  fire  clay  ("bastard  slate"). 

Thickness  of  bed 

Thickness  of  ooal  sampled 


A 

B 

C      1 

W10738 

Wl»78» 

W1974S 

Ft.   in. 

Ft.   in. 

Ft.   in. 

aO       i 

•  ft        •  ■ 

•  •        •  • 

0    U 

1     1 

1    a 

•?  4 

0      i 
0     6 

?  4 

Streak. 

Streak. 

•  •       •  • 

0     5 

1     1 

0     8 

aO     U 
0   10) 

•0     1 
0     9| 

0  io| 

8     r 

8     7 

8     6 

I  R 

•  Not  tooluded  in  sample. 

Section  A  (sample  W19738)  was  measured  at  the  face  of  third  right  entry,  off  the 
main  heading,  8,700  feet  southeast  of  the  mine  mouth. 

Section  B  (sample  W19739)  was  measured  at  the  face  of  the  main  slant  off  the  main 
entry,  3,700  feet  southeast  of  the  mine  mouth. 

Section  C  (sample  W19743)  was  measured  600  feet  in  on  the  second  panel  from  the 
main  slant  off  the  main  entry,  2,800  feet  south  of  the  mine  mouth. 

A  composite  sample  was  made  by  combining  face  samples  W19740,  W19741,  and 
W19742.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under 
laboraUvy  No.  12221. 

Notes. — At  the  time  of  sampUng  the  coal  was  undercut  with  compressed  air  punch- 
ers and  broken  down  with  FFFF  black  powder.  All  the  coal  was  shipped  as  run-of- 
mine.  Pickers  were  employed  on  the  cars  in  loading.  There  was  one  loading  track 
at  the  tipple  with  a  capacity  of  18  empty  and  19  loaded  cars.  The  mine  had  a  capa- 
city of  900  tons  a  day  with  an  average  daily  output  of  700  tons,  60  per  cent  of  which 
was  from  advance  workings.    It  was  expected  that  the  output  would  be  increased 
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to  900  tons  a  day.    There  was  approximately  235  acres  of  unmined  coal  in  tlie  D  bed 

and  370  acres  in  the  £  bed.    The  coal  from  both  beds  was  loaded  over  the  same 

tipple. 

Barnbsboro.    Ctmbria  Mine. 

Sample, — Semibituminous  coal;  Windber  field;  analyses  Nos.  W20394,  W20395, 
W20444,  W20445,  W20446,  and  12372,  (p.  69). 

Mine, — 03rmbria,  a  shaft  mine  in  the  Clearfield  district,  1|  miles  east  of  Barnes- 
boro,  on  the  Walnut  Rim  branch  of  the  Pennsylvania  Railroad. 

Coal  bed. — Lower  Kittanning,  Miller,  or  B.  Carboniferous  age,  Allegheny  forma- 
tion. Average  thickness,  2  feet  10  inches.  Roof,  shale  3  to  18  feet  thick,  overlain 
by  bony  coal  and  sandstone;  floor,  smooth  hard  fire  clay. 

'    The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  £.  W.  Miller  on 
June  8,  1911,  as  described  below: 

Sections  of  coal  bed  in  Cymbria  mine. 


Section 

Lsboratorv  No. 
Roof,  sandstone, 

Coal 

Mother  coal,  soft 

"Sulpihur" 

Coal.v: 

"Sulphur" 

Coal.  .. 

"Sulphur"!*.'.*!! 

Coal 


bony  coal,  and  shale. 


FloOT,  fire  clay. 
Thioknessofbed. 


Thjokness  of  coal  sampled. 


A 
Wa0394 
Ft.    in. 
0     2i 


0    4 


2    1 
2 


^ 


B 

W20395 

Ft.    in. 

2     0 

0       i 

•  •         •  • 

0      7 


2 
2 


^ 


C 
W20444 
Ft.    in. 
0     4i 


«0 
0 
0 
0 
0 
0    10 


ft 

7 


2 
2 


Jf 


D 

W20445 

Ft.    in. 

1     0 


2     5 
2     5 


E 
W20«46 
Ft.   m. 
2    U 


2    11 
2    11 


a  Not  included  in  sample. 

Section  A  (sample  W20394)  was  measured  at  the  face  of  second  right  entry,  about 
1,000  feet  southwest  of  the  shaft. 

Section  B  (sample  W20395)  was  measured  near  the  face  of  room  18,  off  second  left 
entry,  about  1,200  feet  northeast  of  the  shaft 

Section  C  (sample  W20444)  was  measured  at  the  face  of  the  main  heading,  1,900 
feet  from  the  shaft. 

Section  D  (sample  W20445)  was  measured  at  the  face  of  third  left  entry,  about 
1,400  feet  northeast  of  the  shaft. 

Section  £  (sample  W20446)  was  measured  at  the  face  of  third  right  entry,  about 
1,200  feet  southeast  of  the  shaft. 

A  composite  sample  was  made  by  combining  face  samples  W20394,  W20395, 
W20444,  W20445,  and  W20446.  The  results  of  an  ultimate  analysis  of  this  sample 
are  given  under  laboratory  No.  12372. 

Notes. — At  the  time  of  sampling  the  coal  was  imdercut  with  nuCchines  and  shot 
down  with  FFFF  black  powder.  There  were  no  screens,  the  entire  output  being 
shipped  as  run-of-mine.  Pickers  were  employed  on  the  cars  in  loading.  There  was 
one  loading  track  at  the  tipple  with  a  capacity  of  48  cars.  The  mine  had  a  capacity 
of  300  tons  a  day  and  an  average  daily  output  of  150  tons,  all  from  advance  workings. 
There  were  between  600  and  700  acres  of  unmined  coal. 

Barnbsboro.    Cymbria  No.  1  Mine. 

^amp2«.~Bituininous  coal;  Windber  field;  analyses  Nos.  12162,  12163,  12164, 
12166,  12170,  and  12171  (p.  70). 

Mine. — Cymbria  No.  1,  a  slope  mine  in  the  Clearfield  district,  2  miles  east  of  Bames- 
boro,  on  the  Cresson  division  of  the  Pennsylvania  Railroad. 

47664'— BulL  86—14 ^18 
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Coal  bed. — Lower  Freeport  or  D;  Carboniferous  age,  Allegheny  formation.  Aver- 
age thickness,  3  feet  6  inches.  Roof,  smooth  dark  shale;  floor,  hard  smooth  clay. 
Material  from  the  roof  and  floor  did  not  become  mixed  with  the  coal  in  mining. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  on  April  28,  1911, 
and  at  two  points  on  May  1,  1911,  by  H.  I.  Smith,  as  described  below: 


Sections  of  coal  bed  in 

Cyrnbria  No.  1  mine. 

Seotkni 

A 

12162 
Ft.  in. 
oO     2 

1     0 

6  io 

aO       \ 
0      5 

0    10} 

«  •         •  • 

aO      1 
oO        i 
0    11 

4      5 
4      1 

B 

12163 

Ft.  in. 

aO      1 

0  84 
aO       \ 

1  0 
aO        i 

1      3 

•  •         •  • 

aO      l| 

6      7 

C 
12164 

Ft.    in. 

aO      2} 
2      0 

•  •         •  • 

•  •         •  • 

*i    ij 

•  ■      •  • 

•  •      •  « 

a  6     "l 

•  •          •  • 

0    111 
4      3j 

D 
12170 

Ft.   in. 

aO     2 
1    10 
0       1 

•  •         •  • 

•  •         •  • 

0     8 

0  1 

1  0 

«  *         •  • 

aO      U 

•  •         •  • 

0     8 
3    1(4 

E 

Laboratory  No 

12171 

Roof,  sandstone  and  dark  shale. 

Bony  shale 

Ft.   in. 
aO      2 

Coal! '.,.'..]../. ]...].]...[.].. 

3      2A 

Mother  coal  and ' '  sulphur  " 

Coal 

w            «^ 

"  Sulphur''  and  mother  coal 

* 

Coal/. '. '..'. 

Coal.bcmy 

coai^.. ..::;::;;;;;;;.;;;;;;;;::::. ::::::::::... 

Coal 

" Mlningriate". 

a  6     "l 

Coal 

Coal 

0    10} 

Floor,  hard  clay. 

ThiolnMwsofbwl 

1  1 

Thf^imAm  rt'«oal  (wmpUyl 

a  Not  included  in  sample. 

Section  A  (sample  12162)  was  measured  at  the  face  of  the  first  crosscut  o£f  left 
entry  2,  5,500  feet  from  the  mine  mouth. 

Section  B  (sample  12163)  was  measured  at  the  face  of  the  eighth  right  off  left 
entry  2,  about  4,000  feet  from  the  mine  mouth. 

Section  C  (sample  12164)  was  measured  at  the  face  of  the  first  left  off  left  entry  2, 
4,000  feet  from  the  mine  mouth. 

Section  D  (sample  12170)  was  measured  at  the  face  of  the  third  right  off  the  second 
main  entry,  about  3,200  feet  northeast  of  the  mine  mouth. 

Section  E  (sample  12171)  was  measured  at  the  face  of  the  second  left  off  the  main 
heading,  2,900  feet  northeast  of  the  drift  mouth. 

A  composite  sample  was  made  by  combining  face  samples  12162,  12163,  12164, 
12170,  and  12171.  The  results  of  an  ultimate  analysis  of  this  sample  are  given  under 
laboratory  No.  12165. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  by  chain  machines  and  also 
by  hand.  The  undercut  coal  was  broken  down  with  FFFF  black  powder.  A  permis- 
sible explosive  was  used  for  brushing  the  roof  and  floor.  All  of  the  coal  was  clipped 
as  run-of-mine.  Pickers  were  employed  on  the  cars  in  loading.  The  tipple  had  two 
loading  tracks,  with  a  capacity  of  25  empty  and  35  loaded  cars.  The  coal  from 
Cymbria  No.  1  and  Cymbria  No.  2^  mines  went  to  the  same  tipple,  and  the  combined 
capacity  of  the  two  mines  was  800  tons  a  day  with  an  average  daily  output  of  600 
tons,  66  per  cent  of  which  was  from  advance  workings  and  the  remainder  from  pillars. 
There  was  approximately  175  acres  of  unmined  coal. 

Barnesboro.    Cymbria  No.  2\  Mine. 

i^omp^e.—Bituminous  coal;  Windber  field;  analyses  Nos.  12158,  12159,  12160, 
12161,  12172,  and  12173  (pp.  70, 71). 

Miiu. — Cymbria  No.  2),  a  slope  mine  in  the  Clearfield  district,  2  miles  east  of 
Barnesboro,  on  the  Cresson  division  of  the  Pennsylvania  Railroad. 

Coal  bed. — ^Upper  Freeport  or  E.  Carboniferous  age,  Allegheny  formation.  Average 
thickness,  3  feet  6  inches.  Roof,  a  dark,  smooth  shale,  above  which  is  a  sandstone 
cap  rock;  floor,  a  smooth,  hard  clay. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  H.  I.  Smith  on 
ipril  28,  1911,  and  at  two  points  on  May  1,  1911,  as  described  on  the  following  page. 
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Sections  of  coal  bed  in  Cymhria  No.  £J  mine. 


Section 

laboratory  No 

Roof,  sandstone,  shale. 

Coal 

Coal,  bony 

Coal 

Coal,  bony 

Coal  (britUe) 

"Sulpbor"  and  mother  coal 

CoQl(firm) 

Mother  coaL 

Coal 

Coal 

"Slate  bindor" 

Coal 

Coal 

Floor,  hard  fire  clay. 

Thickness  of  bed 

Thickness  of  coal  samided . . 


A 

12158 

Ft.    in. 

B 

12159 
Ft.    in. 

•  m          •  • 

C 

12160 

Ft.    in. 

0     2 

D 

12172 

Ft.    in. 

•  m          •  • 

o'b   'i 
1    5 

?4 

"i   '9 
'6  ii 

0       ft 

0      4 

0       ft 

0  10 
oO       ft 

1  Ift 

•  •           •  • 

a'b    "ft 
1      6 

?    1 

•  •       •  • 

•  •       •  • 

aO    1ft 
0    0 

a'b  'i 

aO        ft 
aO      1 
0     9 

aO        ft 
dO      1 
aO       i 
0    11 

•  •          •  • 

a'b     '2 

'b  io 

3    7} 
3    4} 

3      7ft 
3      5 

I  II 

3      71 
3      41 

E 

12173 

Ft.    in. 


aO 
0 
0 
1 
0 
0    10 

•  •         •  • 

oQ      1 


» 


0    10ft 


3 
3 


8 


a  Not  included  in  sample. 

Section  A  (sample  12158)  was  measured  at  the  face  of  left  entry  2,  about  2,000  feet 
from  the  mine  mouth.  1 

Section  B  (sample  12159)  was  measured  at  the  face  of  room  12  off  the  main  heading, 
2,200  feet  from  the  mine  mouth. 

Section  C  (sample  12160)  was  measured  at  the  face  of  the  third  left  main  heading. 

Section  D  (sample  12172)  was  measured  at  the  face  of  room  6  off  the  main  heading, 
1,500  feet  southwest  of  the  mine  mouth. 

Section  E  (sample  12173)  was  measured  at  the  face  of  room  8  off  the  second  left  head- 
ing, 1,200  feet  southwest  of  the  mine  mouth. 

A  comx>osite  sample  was  made  by  combining  face  samples  12158,  12159,  12160, 
12172,  and  12173.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  imder 
laboratory  No.  12161. 

Not£s. — ^As  C3anbria  No.  1  mine  and  Cymbria  No.  2^  mine  use  the  same  tipple,  the 
notes  on  Cymbria  No.  1  are  applicable  to  Cjonbria  No.  2 J. 

Barnesboro.    Empire  A  Mine. 

^ompie.-— Bituminous  coal;  Windber  field;  analyses  Nos.  12212,  W19643,  W19644, 
W19645,  W19646,  W19647,  and  W19648  (p.  71). 

Mine. — Empire  A,  a  drift  mine  in  the  Clearfield  district,  three-fourths  of  a  mile  west 
of  Barnesboro,  on  the  New  York  Central  and  the  Pennsylvania  Railroad. 

Coal  bed. — Lower  Freeport  or  D.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  4  feet  4  inches.  Roof,  shale;  between  the  shale  and  the  coal  is  a 
stratum  of  cannel  coal  about  2  inches  thick.  Floor,  hard  smooth  fire  clay.  Material 
from  the  roof  and  floor  did  not  become  mixed  with  the  coal  in  mining. 

The  bed  was  measured  and  sampled  at  six  points  in  the  mine  by  P.  M.  Riefkin  on 
April  28,  1911,  as  described  below: 

Sections  of  coal  bed  in  Empire  A  mine. 


Section 

Laboratory  No 

Roof,  shale. 

Cannel  coaL 

CoaL 

Coal,  bony,  and  shale 

Coal,  hard,  gray 

CoaL 

Mother  coal 

CoaL 

Mother  coal 

CoaL 

Shale 

CoaL 

Floor,  hard  fire  clay. 

Thickness  of  bed 

Thickness  of  coal  samided 


A 

B 

C 

D 

E 

F 

W19643 

W19644 

W19646 

W19646 

W19647 

W19648 

Ft.  in. 

Ft.    in. 

Ft.    in. 

Ft.    in. 

Ft.    in. 

Ft.    in. 

aO    2 

aO     2 

aO      l\ 

aO     2 

aO    1 

aO      2 

0    7 

0      3ft 

0      7 

0      8 

0    6ft 
aO      1 

0      7 

oO    1ft 

•  •         •  « 

•  •         •  • 

aO       ft 

oO      1 

*  •         •  • 

0      1 

•  •         •  • 

•  •         •  • 

•  •         •  • 

•  •         •  • 

1    2 

1    10 

*  •         •  • 

S  1 

0    5} 

1      1 

0       ; 

0       ft 

Streak. 

Streak. 

1    lOft 

0    8 

1    1 

2     2 

0    10 

1    7ft 

0 

•  ■          •  • 

0       ft 

0 

0     ft 

■  «         •  • 

0    9 

■  •          *  • 

0     7 

0     7 

0    2} 

•  *          •  • 

aO    1 

aO      1} 

00       } 

00 

aO    1 

aO      1 

0    8ft 

0    11 

0    10 

0      8ft 

0    8 

0    lift 

ri 

4      6} 
4      3 

1  % 

1  1 

3    9ft 
3    61 

4    10ft 
4      (.J 

a  Not  Included  in  sample. 
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Section  A  (sample  W19643)  was  measured  in  room  1  off  left  entry  5  off  new  parallel 
heading,  14,000  feet  northwest  of  the  drift  mouth. 

Section  B  (sample  W19644)  was  measured  near  the  face  of  room  4  off  old  first  left 
heading  off  the  main  entry,  2,000  feet  northwest  of  the  drift  mouth. 

Section  C  (sample  W19645)  was  measured  at  the  comer  of  the  back  heading  on  right 
entry  3  off  the  old  parallel  heading,  3,000  feet  northeast  of  the  drift  mouth. 

Section  D  (sample  W19646)  was  measured  40  feet  from  the  face  of  the  parallel  head- 
ing off  the  main  entry,  9,000  feet  northeast  of  the  drift  mouth. 

Section  E  (sample  W19647)  was  measured  at  the  face  of  room  24  off  left  entry  14  off 
the  main  entry,  11,000  feet  northwest- of  the  drift  mouth. 

Section  F  (sample  W19648)  was  measured  at  the  face  of  room  17  off  left  entry  3  off 
tiie  new  parallel  heading,  14,000  feet  northwest  of  the  drift  mouth. 

A  composite  sample  was  made  by  combining  face  samples  W19643  to  W19648,  in- 
clusive. The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory 
No.  12212. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  by  compressed-air  punchere 
and  broken  down  with  FFFF  black  powder.  There  was  one  loading  track  at  the 
tipple,  and  the  entire  production  was  shipped  as  run-of-mine.  Pickers  were  em- 
ployed on  the  car  in  loading.  The  mine  had  a  capacity  of  about  1,000  tons  a  day, 
witJi  an  average  daily  output  of  625  tons,  75  per  cent  of  which  was  from  advance  work- 
ings.   There  were  approximately  750  acres  of  unmined  coal. 

Beaverdale.    Pennsylvania  No.  15  Mine., 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  12174,  12175,  12176, 
12177,  12178,  and  12179  (p.  71). 

Mine, — Pennsylvania  No.  15,  a  shaft  mine  in  the  Clearfield  district,  at  Beaverdale, 
on  the  South  Fork  branch  of  the  Pennsylvania  Railroad. 

Coal  bed. — Lower  Kittanning  or  B ;  Carboniferous  age,  Allegheny  formation.  Thick- 
ness, 3  feet  to  3  feet  8  inches;  dip,  3^  north.  Roof,  bony  coal,  5  inches  thick,  with 
sandstone  cap  rock;  floor,  hard  smooth  fire  clay.  Material  from  the  roof  and  floor  did 
not  mix  with  the  coal  in  mining. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  E.  G.  Borden  on 
May  1,  1911,  as  described  below: 

Sections  of  coal  bed  in  Pennsylvania  No.  15  mine. 


Beotion 

A 

12174 

Ft.    in. 

0     2 

\     7* 

Streak. 

0      4 

3      3 
3      3 

B 

12175 

Ft.    in. 

2     9 
S     7* 

C 

12170 

Ft.    in. 

•  •            •  • 

•  •            •  • 

3      4 

•  •         •  • 

3      4 
3      4 

D 
12177 
Ft.    in. 
0     3| 

•  •         •  • 

•  •        •  • 

Streak. 
3       i 

•  •        *  • 

3      3f 
3      3} 

E 

Laboratory  No 

12179 

Roof,  sandstone,  and  bony  coal. 

Coal 

Ft.    in 
0     <H 

Mother  coal 

Coal 

Coal,  gray 

"Sulimur" 

0      \\ 

Coal 

2      5 

Mother  ooiU 

Coal 

Floor,  hard  fire  ctoy. 

Thickness  of  bed 

3      1 

Thickness  of  coal  samnled 

3      1 

Section  A  (sample  12174)  was  measured  near  the  face  of  the  first  slant  ofif  right 
heading  5  off  the  first  dip  off  the  main  entry. 

Section  B  (sample  12175)  was  measured  at  the  face  of  the  sump  for  the  main  dip, 
off  left  heading  4  off  the  first  dip  off  the  main  entry. 

Section  C  (sample  12176)  was  measured  at  the  face  of  the  first  slant  off  ri^t  heading 
4  off  the  first  dip  off  the  main  entry. 

Section  D  (sample  12177)  was  measured  at  the  face  of  the  first  slant  off  right  head- 
ing 3  off  the  first  dip  off  the  main  entry. 
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Section  E  (sample  12179)  is  a  pillar  eample  taken  in  room  23  off  right  heading  3 
off  the  first  dip  off  the  main  entry. 

A  composite  sample  was  made  by  combining  face  samples  12174  to  12177,  inclusive. 
The  results  of  an  ultimate  analysLs  of  this  sample  are  shown  under  laboratory  No. 
12178. 

Notes. — ^The  shaft  is  624  feet  deep.  At  the  time  of  sampling  the  coal  was  undercut 
with  compressed-air  punching  machines  and  broken  down  with  black  powder. 
Dynamite  was  used  for  brushing  the  roof  and  floor.  All  of  the  coal  was  shipped 
as  run-of-mine.  Pickers  were  employed  on  the  cars  in  loading.  There  were  two  load- 
ing tracks  at  the  tipple  with  a  capacity  of  25  empty  and  22  loaded  cars.  The  daily 
output  was  450  tons,  about  80  per  cent  of  which  was  from  advance  workings. 


Bens  Creek.  Bens  Creek  No.  1  Mine. 

Sample, — Semibituminous  coal;  Windber  field;  analyses  Nos.  12211,  W19697, 
W19700,  W19702,  W19736,  and  W19737  (p.  72). 

Mine. — Bens  Creek  No.  1,  a  shaft  mine  in  Portage  township,  1  mile  east  of  Bens 
Creek,  on  the  Bens  Creek  branch  of  the  Pennsylvania  Railroad. 

Coal  bed. — Lower  Kittanning,  Miller,  or  B.  Carboniferous  age,  Allegheny  forma- 
tion. Average  thickness,  3  feet  6  inches.  Roof,  hard  gray  smooth  shale;  floor,  smooth 
hard  shale,  underlain  by  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  E.  W.  Miller  on 
May  2,  1911,  as  described  below: 

Sections  of  coal  bed  in  Bens  Creek  No.  1  mine. 


Sectkm 

Laboratory  No 

Roof,  shale  and  bony  ooal. 

Coal 

'*  Sulphur"  streak 

Coal 

"Sulphur"  streak 

Coal 

FUxv,  shale  and  fire  clay. 

TfaJokness  of  bed 

Thickness  of  ooal  sampled . 


B 

W19700 

Ft.    in. 

1   fi^ 

C 
W19702 
Ft.    in. 

D 
W19736 
Ft.    in. 

0   } 
0   7 

3  9 

3  4 

0   i 

0  8 

•  •    •  * 

3  IJ 
3   IJ 

3   9 
3   0 

3   4 
3   4 

3      7f 
3     71 


Section  A  (sample  W19697)  was  measured  on  the  barrier  pillar  on  No.  2  sidetrack, 
100  feet  from  room  21  and  3,200  feet  southwest  of  the  old  main  heading. 

Section  B  (sample  W19700)  was  measured  on  the  pillar  on  No.  1  sidetrack  between 
the  manway  and  room  1,  1,200  feet  southwest  of  the  shaft. 

Section  C  (sample  W19702)  was  measured  on  the  main  pillar  of  the  old  main  heading, 
900  feet  soutiiwest  of  the  shaft. 

Section  D  (sample  W19736)  was  measured  at  the  face  of  heading  6,  off  the  first  dip, 
700  feet  southeast  of  the  shaft. 

Section  E  (sample  W19737)  was  measured  on  the  pillar  of  heading  1,  between  rooms 
27  and  28,  2,700  feet  southwest  of  the  shaft. 

A  composite  sample  was  made  from  face  samples  W19697,  W19700,  W19702,  and 
W19737.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  labora- 
tory No.  12211. 

Notes. — ^At  the  time  of  sampUng  the  coal  was  undercut  by  hand  and  shot  down  with 
black  powder.  There  were  no  screens,  the  entire  output  being  shipped  as  run-of-mine. 
Pickers  were  employed  on  the  cars  in  loading.  There  was  one  loading  track  at  the 
tipple  with  a  capacity  of  24  cars.  The  mine  had  a  capacity  of  230  tons  a  day  and  an 
average  daily  output  of  about  225  tons,  all  from  pillar  workings. 
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Bens  Greek.    Pennsylvania  No.  2  Mine. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  W19695,  W19696, 
W19698,  W19699,  W19701,  and  12222  (pp.  72, 73). 

Mine. — ^Pennsylyania  No.  2,  a  slope  mine  1  mile  south  of  Bens  Creek,  on  the  Bens 
Creek  branch  of  the  Pennsylvania  Bailroad. 

Coal  bed, — ^Lower  Eittanning,  Miller,  or  B.  Carboniferous  age,  Allegheny  forma- 
tion. Average  thickness,  3  feet  6  inches.  Boof,  ehale  overlain  by  sandstone  cap  rock; 
floor,  smooth  shale  underlain  by  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  E.  W.  Miller  on 
May  1,  1911,  as  described  below: 

Sections  of  coal  bed  in  Pennsylvania  No.  t  mine. 


Section 

Laboratorv  No 

Roof,  sandstone,  shale,  and  bony  coal. 

Coal 

Mother  ooal,  haHl 

Coal 

"Sulphur"  streak 

Coal 

"Sulphur"  streak 

Coal ^ 

"Sulphur"  ball 

Coal 

Shale 

Coal 

Floor,  shale  and  fire  clay. 

Thioknees  of  bed 

Thickness  of  coal  sampled 


B 

C 

D 

W19696 

W19696 

W19G09 

Ft.  in. 

Ft.  in. 

Ft.  in. 

1 

1   3 

1   0 

0 
0  9 

0   \ 

2   4 

I  A 

0 

0  7 

0 

0  5 

•  •    •  • 

«6  "\ 

0   3 

3   31 
3   3{ 

3  7J 
3   7} 

3   5 
3   5 

E 
Wl»701 
Ft.  in. 
1      24 

%   ^ 


0 
0 
0 

1 


6 


■1 


3      6 
3 


a  Not  included  in  sample. 

Section  A  (sample  W19695)  was  measured  at  the  face  of  heading  19,  4,100  feet  north- 
east of  the  drift  mouth. 

Section  B  (sample  W19696)  was  measured  on  the  pillar  between  rooms  14  and  15 
off  main  heading  4,  2,900  feet  northwest  of  the  drift  mouth. 

Section  C  (sample  W19098)  was  measured  on  the  pillar  between  rooms  2  and  3  off 
butt  entry  17,  3,900  feet  north  of  the  drift  mouth. 

Section  D  (sample  W19699)  was  measured  yn  the  pillar  between  rooms  1  and  2  off 
butt  entry  16,  3,900  feet  north  of  the  drift  mouth. 

Section  E  (sample  W19701)  was  measured  on  the  pillar  between  rooms  21  and  22 
off  heading  5,  3,200  feet  north  of  the  drift  mouth. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  shot  down  with 
black  powder.  About  90  per  cent  of  the  coal  was  shipped  as  run-of-mine;  the  remain- 
ing 10  per  cent  was  passed  over  8-foot  bar  screens  with  4-inch  openings.  Pickers  were 
employed  on  the  cars  in  loading.  There  were  two  loading  tracks  with  a  capacity  of 
25  cars.  The  mine  was  equipped  to  produce  200  tons  a  day  and  had  an  average  daily 
output  of  175  tons,  practically  all  of  which  was  from  pillar  workings.  The  intent  was 
to  increase  the  output  to  about  200  tons. 

Carrolltown  Road.    Logan  No.  5  Mine. 

5(imp/<.— Bituminous  coal;  Windber  field;  analyses  Nos.  12370,  W20364,  W20365, 
W20366,  W20367,  and  W20368  (p.  73). 

Mint. — Logan  No.  5,  a  drift  mine  one-fourth  of  a  mile  west  of  Carrolltown  Road, 
on  the  Cresson  division  of  the  Pennsylvania  Railroad. 

Ooal  bed. — MiUer.  Carboniferous  age,  Allegheny  formation.  Average  thickneaB,  2 
feet  8  inches.  Roof,  hard  shale  overlain  by  bony  coal  and  sandstone;  floor,  smooth, 
hard  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  £.  W.  Miller  on 
June  7,  1911,  as  described  on  the  following  page. 
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Sections  of  coal  bed  in  Logan  No.  5  ^ninc. 


SectkD 

LslxMtitonr  No 

Roofj  sandstone,  bony  coal,  and  diale. 

"  suiphiiP'  strejJc.'.*. !!!'.!'.!!!!!!!! 

Coal 

"Sulphur"  streak 

Coal 

Floor,  fire  clay. 

Tnlckness  of  bed 

Thickness  of  coal  sampled 


A 

B 

C 

D 

W20364 

W20365 

W20366 

W20367 

Ft.  in. 

Ft.  in. 

Ft.  in. 

Ft.  in. 

0    6 

0     61 

1    10 

81 

1    0{ 

St' 

°  r 

0      i 

0     8 

?4 

0      1 

«  •        •  • 

0    10 

•  •         •  • 

..    .. 

2    6} 
2    6} 

2     5A 
2     6A 

2  61 
2     6{ 

U 

E 
W20868 
Ft,  in, 

0    5 

0 

0 

0 

1 

2   ^ 
2    6l 


Section  A  (sample  W20364)  was  measiired  in  the  first  main  heading,  4,300  feet  south 
of  the  mine  mouth. 

Section  B  (sample  W20365)  was  measured  at  the  face  of  right  entry  2;  250  feet  from 
the  second  main  heading  and  3,750  feet  south  of  the  mine  mouth. 

Section  G  (sample  W20366)  was  measured  at  the  face  of  room  8  off  the  air  course  of 
right  entry  1,  off  the  second  main  entry,  4,300  feet  south  of  the  mine  mouth. 

Section  D  (sample  W20367)  was  measured  at  the  face  of  the  second  main  heading, 
3,600  feet  southeast  of  the  mine  mouth. 

Section  £  (sample  W20368)  was  measured  at  the  face  of  the  fourth  left  heading  off 
the  second  main  heading,  3,200  feet  southeast  of  the  mine  mouth. 

A  composite  sample  was  made  by  combining  face  samples  W20364  to  W20368,  inclu- 
sive. The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory 
No.  12370. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  both  by  hand  and  with 
machines,  and  shot  down  with  black  powder.  There  were  no  screens,  the  output 
being  shipped  as  nin-of-mine.  Pickers  were  employed  on  the  cars  in  loading. 
There  was  one  loading  track  at  the  tipple  with  a  capacity  of  50  cars.  The  mine  had 
a  capacity  of  600  tons  a  day  with  an  average  daily  output  of  about  350  tons,  all  of 
which  was  from  advance  workings.  The  intent  was  to  increase  the  production  to 
about  700  tons  a  day.    There  were  approximately  700  acres  of  unmined  coal. 

COLVEB.      COLVEB  MiNE. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  13634  to  13643,  in- 
clusive (p.  73). 

Mine, — Colver,  a  drift  mine,  in  the  Ebensbuig  district,  at  Colver,  the  terminus  of 
the  Cambria  &  Indiana  Railroad. 

Coal  bed. — Known  as  the  Lower  Eittanning  or  B.  Carboniferous  age,  Allegheny 
formation.  Average  thickness,  4  feet.  Roof,  hard  gray  shale,  with  smooth  surface; 
floor,  shaly  underclay  with  a  smooth  surface. 

The  bed  was  measured  and  sampled  at  nine  points  in  the  mine  by  L.  M.  Jones,  on 
March  28  and  29,  1912,  as  described  below: 

Sections  of  coal  bed  in  Colver  mine. 


Section 

Laboratory  No 

Roof,  gray  shale. 

Coal,Dony 

Coal,  soft 

Coal,  dull 

Shale 

Coal,  soft 

''Sulphur"  band 

Coal 

Shale 

Coal 

Floor,  shaly  underclay. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 
13634 

Ft.  in. 
aO     3 
1      1 

B 
13635 

Ft.    in. 
<»0     3 
2     ^ 

C 
13636 

Ft.    in. 
aO      3 
2      IJ 

D 
13637 
13643 

Ft.    in. 

oO       5 
3     10 

E 
13638 
13642 
Ft.    in. 
aO      4 
2      4i 

d   "i 

1      0 

aO        i 

0      5 

0  I 

1  1 

3    11 
3      71 

mm                 •   • 
mm               mm 

•  •                •  • 

aO        \ 

•  •            •  « 

«  ■           *  • 

*  •           •  • 

a'd      "\ 

1      8| 

•  •           *  • 

0  i 

•  •           •  • 

1  ii 

•  •            •  • 

3    10 

■  •           «  • 

4      2 
3    lOi 

4       3 
3     10 

•  •            •  • 

3    10 
3     0 

F 
13630 
13641 
Ft.    in. 
aO    5 
0    9 
0     f 


4    1 
8   7i 


a  Not  included  in  sample. 
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Section  A  (sample  13634)  was  cut  from  the  face  of  main  entry  A,  2,400  feet  south- 
west of  bore  hole  25. 

Section  B  (sample  13635)  was  cut  from  the  face  of  entry  A-2,  1,175  feet  southeast 
from  bore  hole  25. 

Section  C  (sample  13636)  was  cut  from  the  face  of  entry  A-3, 1,400  feet  south  of  bore 
hole  25. 

Section  D  (duplicate  samples  13637  and  13643)  was  cut  from  the  face  of  the  main 
entry,  1,200  feet  southeast  of  bore  hole  25. 

Section  E  (duplicate  samples  13638  and  13642)  was  cut  from  the  face  of  entry  B-1), 
725  feet  southeast  of  bore  hole  25,  at  the  inner  end  of  the  rock  tunnel. 

Section  F  (duplicate  samples  13639  and  13641)  was  cut  from  the  face  of  entry  A-1, 
950  feet  southeast  of  bore  hole  25. 

A  composite  sample  was  made  by  mixing  samples  13634  to  13639  inclusive.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  13640. 

Notes. — ^This  mine  was  originally  opened  by  a  slope  and  shaft  but  at  the  time  of 
sampling  all  the  coal  shipped  was  hauled  to  ^e  sur&tce  through  a  rock  tunnel  2,050 
feet  long. 

The  steel  tipple  was  designed  to  handle  4,000  tons  of  coal  a  day.  There  were  two 
loading  tracks  with  a  capacity  of  80  empty  cars.  The  tipple  was  equipped  with  a 
shaking  screen  having  perforations  1}  inches  in  diameter,  but  the  entire  output  was 
shipped  as  run-of-mine. 

The  coal  was  undercut  with  chain  cutting  machines  and  with  punching  machines 
and  shot  down  with  FFFF  black  powder.  The  impurities  that  might  be  loaded  with 
the  coal  were  a  bony  coal  at  the  top  of  the  seam,  which  in  places  stuck  to  the  roof, 
and  a '  'sulphur' '  band  below  the  middle.  The  roof  and  floor  were  hard  and  generally 
smooth  and  were  not  likely  to  get  mixed  with  the  coal. 

The  average  daily  output,  the  mine  working  double  shifts,  was  1,000  tons.  There 
was  8,000  acres  of  coal  land  at  this  mine,  the  development  of  which  was  still  in  an 
early  stage.    The  maximum  day's  run  was  1,040  tons 

DuNLo.    Henribttb  Mine. 

Sample. — Semibitimiinous  coal;  Windber  field;  analyses Nos.  14238  to  14246,  inclu- 
sive (p.  74). 

Mine. — Henriette,  a  shaft  mine  1  mile  south  of  Dunlo,  on  the  South  Fork  branch 
of  the  Pennsylvania  Railroad,  with  connections  to  the  main  line  at  South  Fork. 

Coal  bed.—WiWer  or  B .  Carboniferous  age,  Allegheny  formation.  Thickness,  about 
3  feet  8  inches;  dip,  7)^  northwest.  Roof,  smooth  shale  1  to  10  feet  thick,  above  which 
b  a  sandstone  cap  rock.  Floor,  hard,  smooth  fire  clay.  The  parting  between  the 
floor  and  the  coal  and  the  roof  is  distinct,  so  that  neither  the  floor  or  the  roof  material 
got  mixed  with  the  coal  in  mining.    Cover  at  points  of  sampling,  130  to  400  feet. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  A.  H.  Fay,  on 
June  27,  1912,  as  described  below: 

Sections  of  coal  bed  in  Henriette  mine. 


Section 

Laboratory  No 

Roof,  shale. 

Top  coal  or  bone 

Coal 

Floor,  shale  and  fire  day. 
Thiokness  of  bed .... 


A 

B 

C 

D 

14246 

14246 

14244 

14288 

14239 

14240 

14241 

Ft.    in. 

Ft.    in. 

Ft.    in. 

Ft.    in. 

0  4 

0  8 

0  2 

0  Si 

3  H 

3  7 

3  4i 

3  4 

3  9i 

3  10 

3  <4 

3  71 

E 

14242 
Ft.   in, 

•  *     •  • 

3    8 
3    8 


Section  A  (sample  14238  is  the  good  coal  and  sample  14245  is  the  bone  or  top  coal) 
was  measured  on  the  rib  of  room  2,  right  heading  1  off  slope  2,  about  700  feet  north  of 
■haft  No.  2. 
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Sectdon  B  (sample  14239  is  the  good  coal  and  sample  14246  is  the  bone  or  top  coal) 
was  measured  at  the  junction  of  the  sixth  slant  and  main  heading,  about  3,050  feet 
north  of  shaft  No.  2. 

Section  C  (sample  14240  is  the  good  coal  and  sample  14244  is  the  bone  or  top  coal) 
was  measured  on  the  pillar  of  sixth  left  entry  near  room  13,  north  of  the  rock  fault, 
4,350  feet  northwest  of  shaft  No.  2. 

Section  D  (sample  14241)  was  measured  on  the  pillar  of  sixtli  left  heading,  450  feet 
north  of  the  back  heading  of  slope  2  and  4,150  feet  northwest  of  shaft  No.  2. 

Section  E  (sample  14242)  was  measured  on  the  rib  between  rooms  1  and  2,  first  level 
above  the  main  entry,  about  1,500  feet  northwest  of  shaft  No.  2. 

A  composite  sample  was  made  by  combining  samples  14238  to  14242,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14243. 

Notes. — The  mine  is  opened  by  a  shaft  90  feet  deep,  from  the  bottom  of  which  a 
slope  extended  a  distance  of  about  7,000  feet.  The  coal  is  mined  by  the  room-and- 
pillar  system.  That  part  of  the  mine  from  which  these  samples  were  taken  had  been 
practically  abandoned  for  a  number  of  years,  and  at  the.  time  of  sampling  no  mining 
was  being  done  there.  It  was  proposed  to  pull  the  pillars  later.  Other  property 
tributary  to  this  slope  was  producing  about  700  tons  a  day .  All  of  the  coal  was  shipped 
as  nm-of-mine.  Pickers  were  employed  on  the  car  in  loading.  The  coal  is  somewhat 
friable  and  does  not  yield  extra  laige  lumps.  There  were  two  loading  tracks  with  a 
capacity  of  25  to  30  cars. 

El  Mora.    Pbbrless  No.  1  Mine. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  12134,  12135,  12136, 
12137,  12138,  and  12139  (p.  75). 

Mine. — ^Peerless  No.  1,  a  drift  mine  in  Carroll  Township,  near  El  Mora  on  the  Penn> 
sylvania  Railroad. 

Coal  bed. — Lower  Kittanning  or  fi.  Carboniferous  age,  Allegheny  formation.  Aver- 
age thickness,  about  3  feet;  dip,  about  3^.  The  immediate  roof  is  a  ''draw  slate'' 
about  18  inches  thick^  above  which  there  is  a  sandstone  cap  rock.  Floor,  hard  rough 
fire  clay.  The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  P.  M. 
Riefkin  on  April  27,  1911,  as  described  below: 

Sections  of  coal  bed  in  Peerless  No.  1  mine. 


Sectloo 

Laboratory  No 

Boof,  shale. 

Coal,  hard 

Coal 

Bone 

Mother  coal 

Coal 

"Sulphur" 

Coal 

Floor,  fire  clay. 

Thickness  of  bed 

ThJckncBB  of  coal  sampled 


A 

B 

C 

D 

12134 

12135 

12136 

12137 

Ft.    in. 

Ft.    in. 

Ft.    in. 

Ft.    in. 

0  4 

0  5 

•  •    •  • 

0  5ft 
0  8| 

0  4 

*  •   •  m 

«  •    *  • 

0   ft 

0   ft 

•  •    •  • 

0   ft 

0  9 

'2  h' 

2  7 

•  •    •  • 

2   9 

0  2i 

•  •  •  • 

aO   ft 

0   ft 

•  •  •  • 

0   2 

1   0 

3  32 
3  3] 

1  1 

2  lift 
2  11 

2  llf 
2  111 

E 
12138 
Ft.   in. 

0     5ft 


0 
2 

2 
2 


■4 

Hi 


a  Not  included  in  sample. 

Section  A  (sample  12134)  was  measured  on  a  heading  stump  on  left  heading  3  off 
the  main  entry,  about  1,700  feet  northeast  of  the  drift  mouth. 

Section  B  (sample  12135)  was  measured  at  the  fsuce  of  room  1,  off  right  heading  8 
off  the  main  entry,  2,300  feet  east  of  the  drift  mouth. 

Section  C  (sample  12136)  was  measured  at  the  &ce  of  left  heading  7  off  the  main 
entry,  about  2,800  feet  northeast  of  the  drift  mouth. 

Section  D  (sample  12137)  was  measured  on  the  rib  of  room  1,  off  right  heading  3  off 
the  main  heading,  1,600  feet  southeast  of  the  drift  mouth. 
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Section  £  (sample  12138)  was  measured  in  heading  1  off  the  main  entry,  about  425 
feet  from  the  main  entry. 

A  composite  sample  was  made  by  combining  face  samples  12134  to  12138,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  12139. 

Notes. — ^The  mine  is  opened  by  entry;  the  cover  at  the  opening  is  40  feet.    The 

room-and-pillar  method  of  mining  is  used.    At  the  time  of  sampling  FFFF  black 

powder  was  used  for  breaking  the  coal.    All  of  the  coal  was  shipped  as  run-of-mine. 

Pickers  were  employed  on  the  cars  in  loading.    The  mine  had  a  daily  output  of  about 

125  tons  a  day,  75  per  cent  of  which  was  from  advance  workings  and  the  remainder 

from  pillars. 

FiGAHT.    Frick  No.  2  Mine. 

iSamp^e.— Bituminous  coal;  Windber  field;  analyses  Nos.  12366,  W20433,  W20434, 
W20474,  W20475,  and  W20476  (p.  75). 

Mine, — Frick  No.  2,  a  drift  mine  1}  miles  northeast  of  Figart,  on  the  Pennsylvania 
Railroad. 

Coal  bed, — C  or  Middle  Kittanning.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  2  feet  7  inches.  Hoof,  dark  shale;  floor,  mediimi  soft  fire  clay 
with  a  smooth  sur^e.  The  B  bed,  or  Lower  Kittanning,  is  also  worked  at  this  mine, 
and  the  coal  is  delivered  to  the  same  tipple  as  is  the  coal  from  the  C  bed. 

The  C  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  H.  I.  Smith 
on  June  10,  1911,  as  described  below. 

Sections  of  coal  bed  in  Frick  No.  2  mine. 


Seotion .    .    '       A 

Laboratory  No '  W20433 

Roof .  dark  shale.  ,    Ft.  in. 

8 
3i 


doalfbony !  aO 


Coal. 

Coal,  gray 

Shale 

Coal 

Cannel  coal 

Coal,  bony , 

Coal 

Coal  streaked  with  "sulphur". 
Coal. 


Floor,  fire  clay. 

Thickness  of  bed. 


Thickness  of  coal  sampled . 


1 

6 
0 
0 
aO 
0 


3 
2 


1 
1 
9 
2i 


B 

W20434 

Ft.  in. 

oO     9i 

3J 


1 


0     0 
0      2 


3 
2 


1 
H 


c 

D 

W20474 

W20476 

Ft.  in. 

Ft.  in. 

ao  m 
0    a] 

oO     0 

0     6 

0      1 

0       J 

0      8} 
oO      3 


0    10 
0       i 


0    10^;     0   11 


3     2 
2 


I 


3      1 
2      4 


E 

W20476 

Ft.  in. 

aO    10 

1      3 


aO      2 

•  »         *  • 

0     8| 


2    lU 
1    111 


a  Not  included  in  sampla. 


b  "Sulphur'' streak. 


Section  A  (sample  W20433)  was  measured  at  the  fsice  of  the  second  main  heading, 
400  feet  from  the  mouth  of  the  main  entry. 

Section  B  (sample  W20434)  was  measured  at  the  face  of  entry  1,  off  the  second  main 
heading,  400  feet  from  the  mouth  of  the  main  entry. 

Section  C  (sample  W20474)  was  measured  at  the  tace  of  room  5,  off  the  main  left  head- 
ing, 850  feet  from  the  mouth  of  the  main  entry. 

Section  D  (sample  W20475)  was  measured  at  the  face  of  the  first  left  heading,  500 
feet  from  the  mouth  of  the  main  entry. 

Section  £  (sample  W20476)  was  measured  at  the  face  of  the  straight  main  heading, 
1,200  feet  from  the  mouth  of  the  entry. 

A  composite  sample  was  made  by  combining  face  samples  W20433,  W20434,  W20474, 
W20475,  and  W20476.  The  results  of  an  ultimate  analysis  of  this  sample  aro  shown 
under  laboratory  No.  12366. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  shot  down  with 
FFFF  black  powder.  There  were  no  screens,  the  entire  output  being  shipped  as 
run-of-mine.  Pickers  were  employed  on  the  cars  in  loading.  There  was  one  loading 
txack  with  a  capacity  of  28  cars.  The  mine  had  a  capacity  of  100  tons  and  an  average 
daily  output  of  80  tons,  of  which  the  larger  part  was  from  advance  workings.  There 
were  approximately  50  acres  of  unmined  coal  tributary  to  this  opening. 
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Hastings.    Miller  Run  Mine. 

iSowi;?^.— Bituminous  coal;  Windber  field;  analyses  Nos.  12371,  W20440,  W20441, 
W20442,  W20443,  and  W20447  (p.  76). 

Mine. — ^Miller  Run,  a  drift  mine  2  J  miles  northeast  of  Hastings,  on  the  Cresson  divi- 
sion of  the  Pennsylvania  Railroad. 

Coal  bed. — ^Miller  or  B.  Carboniferous  age,  Allegheny  formation.  Average  thick- 
ness, 3  feet.    Roof,  shale  overlain  by  sandstone;  floor,  smooth  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  E.  W.  Miller  on 
June  9,  1911,  as  described  below: 

Sections  of  coal  bed  in  Miller  Run  mine. 


Section 

LaboratorvNo 

Roof,  sandstoni 

Coal.... 


e  and  shale. 


Coal,  bony. 
—  .»> 


"SufphuT' 

Coal 

Mother  coal 

"Sulphur"  baU 

Coal 

Coal,  bony 

Coal 

"Sulphur" 

Coal,  bony 

Coal 

Floor,  Are  clay. 

Thickneas  of  bed 

Tbickness  of  coal  sampled . 


B 

W20441 

Ft.  in. 

0     5 


C 

W20442 

Ft.  in. 


aO  10 

1  3i 

1  4 

3  31 


1 

0 
1 

4 
2 


4J 
2 

"A 

1 

8J 


r 

► 

W20443 

Ft. 

in. 

0 

2 

0 

\ 

0 

2i 

"6 

0 

il 

aO 

9 

1 

5J 

•  * 

0 

•  • 

1 

4 

4 

il 

3 

E 
W20447 
Ft.  in. 
0      1§ 


0  h 

0  5 
aO  8 

1  4 

■?■> 

3    lU 
3      3i 


a  Not  included  in  sample. 

Section  A  (sample  W20440)  was  measuted  at  the  face  of  the  main  air  course,  2,000 
feet  from  the  drift  mouth. 

Section  B  (sample  W20441)  was  measured  at  the  face  of  room  4,  off  the  fifth  right 
entry,  200  feet  from  the  main  entry. 

ScK^tion  0  (sample  W20442)  was  measured  at  the  face  of  the  first  right  entry,  200 
feet  off  left  entry  2. 

Section  D  (sample  W20443)  was  measured  at  the  face  of  the  seeond  left  entry,  600 
feet  off  the  main  entry. 

Section  £  (sample  \V20447)  was  measured  on  pillar  of  room  5,  first  left  entry,  300 
feet  off  the  main  entry. 

A  compoflite  sample  was  made  by  mixing  face  samples  W20440  to  W20443.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  12371. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  shot  down  with 
FFF  black  powder.  There  were  no  screens,  the  entire  output  being  shipped  as 
run-of-mine.  Pickers  were  employed  on  the  cars  in  loading.  There  was  one  loading 
track  at  the  tipple  with  a  capacity  of  8  empty  and  8  loaded  cars.  The  mine  was 
equipped  to  produce  200  tons  a  day  and  had  an  average  daily  output  of  100  tons,  of 
which  the  larger  part  was  from  advance  workings.  The  intent  was  to  increase  the  out- 
put to  200  tons  in  the  near  future.  There  were  129  acres  of  unmined  coal  tributary  to 
this  opening. 

Hastings.    Pennsylvania  No.  11  and  No.  12  Mines. 

Sample. — Bituminous  coal;  Windber  field;  analyses  Nos.  12150  to  12157,  inclusive, 
and  12166  to  12169,  inclusive  (pp.  76,  77). 

Mines, — ^Pennsylvania  No.  11  and  Pennsylvania  No.  12,  drift  mines  in  the  central 
Pennsylvania  district,  1  mile  south  of  Hastings,  on  the  Cresson  division  of  the  Pennsyl- 
vania Railroad. 
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Coal  bed. — Lower  Preeport  or  D,  Carboniferous  age,  Allegheny  formation.  Aver- 
age thickness,  4  feet  4  inches.  Roof,  dark  shale,  overlain  by  sandstone;  floor,  hard 
rough  fire  clay.  Particles  of  the  roof  or  floor  did  not  become  mixed  with  the  coal  in 
mining. 

The  bed  was  measured  and  sampled  at  five  points  in  the  No.  11  mine  and  at  five 
points  in  the  No.  12  mine  by  H.  I.  Smith,  April  29, 1911,  as  described  below: 

Sections  of  coal  bed  in  Pennsylvania  No.  11  mine. 


Section 

Laboratory  No 

Roof,  shale  and  sandstone. 

Shale 

Coal 

Mother  coal  and  "sulphur". 

Coal 

"  Mining  slate"  and  coal 

Coal. 


Floor,  fire  clay. 
Thickness  of  bed. 


Thickness  of  coal  .sampled . 


A 

B 

c 

D 

121fi0 

12151 

12166 

12167 

Ft.    in. 

Ft.  in. 

Ft.    in. 

Ft.  in. 

aO     21 

aO    2 

oo     2i 

00    2 

1      6 

1    1 

2    10 

2    0 

2      8* 
aO      2) 
0      8 

§a» 

'6  '4 

•  •         •  • 

1    1 

'r\ 

aO      1 

0      7 

aO    U 
0    ^ 

6      31 

4    10{ 

u 

\  .» 

3    8 
3    ^ 

a  Not  included  in  sample. 

Section  A  (sample  12150)  was  measured  at  the  face  of  fifth  right  entry,  off  the  main 
heading. 

Section  B  (sample  12151)  was  measured  at  the  face  of  the  old  main  heading. 

Section  C  (sample  12166)  was  measured  at  the  face  of  the  second  right  cross  heading. 

Section  D  (sample  12167)  was  measured  at  the  face  of  left  heading  3. 

Section  E  (sample  12169)  was  measured  on  the  pillar  in  room  16,  off  third  left  entry. 

A  composite  sample  was  made  by  combining  face  samples  12150,  12151,  12166, 
and  12167.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  labora- 
tory No.  12168. 

Sections  of  coal  bed  in  Pennsylvania  No.  It  mine. 


Section 

Laboratory  No 

Roof,  shale  and  sandstone. 

Shale.. » 

Coal 

Coal,  bony 

Coal 

Mother  coal  and  "  sulphur ' ' . 

Coal 

"  Mining  slate"  and  cool 

Coal 

Floor,  fixe  clay. 

Thickness  of  bed 

Thickness  of  coal  nmpled . . 


D 

121A5 

Ft.  in. 

aO     1 

1     6 


0 

1 

10 

aO 

1 

0 

H 

4 

4 

'A 

B 
121M 
Ft.   in, 
aO 

2 
aO 

0 

0 

0 
oO    8' 

0    5 


2 
5 
1 
5 


t 


4    3 
8    9 


a  Not  included  in  sample. 

Section  A  (sample  12152)  was  measured  at  the  face  of  the  original  old  main  heading, 
5,800  feet  from  the  drift  mouth. 

Section  B  (sample  12153)  was  measured  at  the  face  of  fifth  entry,  off  the  main 
heading. 

Section  C  (sample  12154)  was  measured  at  the  &ce  of  fourth  right  heading,  1)  miles 
from  the  drift  mouth. 

Section  D  (sample  12155)  was  measured  at  the  &ce  of  room  1,  off  first  entry  off 
third  right  heading. 

Section  £  (sample  12156)  was  measured  at  the  face  of  third  right  entry,  off  the  main 
heading. 

A  composite  sample  was  made  by  combining  face  samples  12152  to  12156,  inclusive. 
The  resiUts  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
12167. 
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Notes.— The  system  of  mining  in  both  mines  is  single  entry,  room-and-pillar.    At 

the  time  of  sampling  the  coal  was  undercut  in  the  lower  part  of  the  bed  by  electric 

chain  cutting  machines  and  shot  down  with  FFF  and  FFFF  black  powder.    There 

was  one  loading  track  at  the  tipple  with  a  capacity  of  28  empty  and  28  loaded  cars. 

Pickers  were  employed  on  the  cars  in  loading.    The  entire  output  of  the  mines  was 

shipped  as  nm-of-mine  coal.    The  No.  11  mine  was  equipped  to  produce  about  400 

tons  of  coal  a  day  and  had  a  daily  output  of  325  tons.    There  was  about  100  acres 

of  coal  tributary  to  this  mine.    The  No.  12  mine  was  equipped  to  produce  300  tons 

a  day.    There  was  about  100  acres  of  coal  tributary  to  this  drift  entry.    All  of  the 

coal  from  these  two  mines  was  used  for  coking  purposes.    Both  mines  load  over  the 

same  tipple. 

Johnstown.    Valley  No.  1  Mine. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  12213,  W19563, 
W19564,  W19565,  W19566,  and  W19567  (p.  77). 

Mine. — ^Valley  No.  1,  a  drift  mine  in  the  central  Pennsylvania  district,  3  miles 
south  of  Johnstown,  od  the  Somerset  &  Cambria  branch  of  the  Baltimore  &  Ohio 
Railroad. 

Coal  bed. — G^  or  Upper  Kittanning.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  4  feet  2  inches.  Roof,  bony  coal  overlain  with  shale;  floor,  rough 
shale. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  £.  W.  Miller 
on  April  27, 1911,  as  described  below: 

Sections  of  coal  bed  in  Valley  No.  1  mine. 


Sectioii 

Laboratory  No 

Roof,  bony  coal  and  shale. 

Coel 

Bone,  shale,  and  "sulphur 

Coal 

Bone 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled. 


if 


A 
W19663 
Ft.  in. 

aO        } 

2      7 


i      0 
3    11} 


B 
Wig564 
Ft.  in. 
1    6 

2  4 


4    2 
4    2 


3 
3 


^ 


D 
W19566 
Ft.  in. 

1  3} 
aO     I 

2  9] 


4  li 

4    1 


E 
Wlft667 
Ft.  in. 

.     3    3 
0    7| 


a  Not  included  in  sample. 

Section  A  (sample  W19563)  was  measured  at  the  face  of  room  11  in  Andy's  heading, 
1,000  feet  west  of  tipple  No.  2. 

Section  B  (sample  W19564)  was  measured  at  the  face  of  room  21,  off  left  heading  7, 
3,400  feet  southeast  of  the  drift  mouth.  There  are  small  "sulphur"  concretions  in 
this  section. 

Section  C  (sample  W19565)  was  measured  on  the  chain  pillar,  4,200  feet  northeast 
of  the  drift  mouth. 

Section  D  (sample  W19566)  was  measured  at  the  face  of  room  4,  off  eighth  right  head- 
ing 3,600  feet  southeast  of  the  drift  mouth. 

Section  £  (sample  W19567)  was  measured  on  the  rib  of  the  main  air  course,  150 
feet  beyond  twelfth  right  heading. 

A  composite  sample  was  made  by  mixing  face  samples  W19563,  W19564,  W19566, 
and  W19567.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under 
laboratory  No.  12213. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  shot  down 
with  black  powder.  There  were  two  tipples;  each  tipple  had  one  loading  track  with 
a  capacity  of  50  cars.  There  were  no  screens,  the  entire  output  being  shipped  as 
run-of-mine.  Pickers  were  employed  on  the  cars  in  loading.  The  mine  had  a 
capacity  of  about  1,500  tons  a  day  with  an  average  daily  output  of  1,200  tons,  90  per 
cent  of  which  was  from  advance  workings. 


i 
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Nanty  Glo.    Lincoln  No.  1  Mine. 

Sample. — Semibituminous  coal;  Windber  field;  analyBes  Nos.  12180,  12181,  12182, 
12183, 12184,  and  12185  (p.  78). 

Mine. — Lincoln  No.  1,  a  .drift  mine  in  the  central  Pennsylvania  district,  1  mile 
north  of  Nanty  Glo  on  the  Pennsylvania  Railroad. 

Coal  bed. — Lower  Kittanning,  Miller,  or  B.  Carboniferous  age,  Allegheny  forma- 
tion. Average  thickness,  about  3  feet  5  inches.  The  bed  lies  practiodly  flat;  the 
cleat  is  irregular.  Roof,  hard  dark  shale  overlain  by  sandstone  capping;  floor,  soft 
shale.  All  of  the  samples  were  taken  at  a  depth  of  about  600  feet.  There  are  occa- 
sionally small  soft ' ' sulphur  "  lenses  in  this  coal.  The  bed  was  measured  and  sampled 
at  five  points  in  the  mine  by  A.  J.  Hazlewood  on  May  3,  1911,  as  described  below: 

Sections  of  coal  bed  in  Lincoln  No,  1  mine. 


Section 

Laboratory  No 

Roof,  hard  shale. 

Coal 

Dull-coal  binder 

Coal,  soft  and  bright 

Floor,  soft  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

C 

D 

12180 

12181 

12182 

13183 

Ft.  in. 

Ft.  in. 

Ft.  in. 

Ft.  in. 

0  0 

0  10 

0  10 

0  11 

0   1 

%  11 

0  2 

0  2 

2   6 

2   4 

2  5 

3   4 

3   6 

3   4 

3   6 

3   4 

3   5 

3   4 

3  6 

E 

12184 

Ft.  in. 
0  10 
0     2 

2  5 

3  5 
3     5 


Section  A  (sample  12180)  was  measured  at  the  face  of  the  new  main  heading. 

Section  B  (sample  12181)  was  measured  at  the  face  of  right  entry  2 

Section  C  (sample  12182)  was  measured  at  the  face  of  right  entry  4. 

Section  D  (sample  12183)  was  measured  at  the  face  of  left  entry  7. 

Section  £  (sample  12184)  was  measured  at  the  face  of  left  entry  9. 

Notes. — ^The  coal  is  mined  by  the  room-and-pillar  double-entry  system.  At  the 
time  of  sampling  the  coal  was  undercut  with  electric  chain-cutting  machines  and 
broken  down  with  FFFF  black  powder.  All  of  the  coal  was  shipped  as  run-of-mine. 
The  daily  output  was  about  500  tons,  practically  all  of  which  was  from  advance 
workings.  The  tipple  is  about  300  feet  from  the  mouth  of  the  mine.  There  were 
trackage  facilities  for  handling  about  40  cars. 

Nanty  Glo.    SpRiNonELD  No.  1  Mine. 

Sample. — Semibituminous  coal;  Windber  field;.  analyBes  Nos.  12128,  12129,  12130, 
12131,  12132,  and  12133  (pp.  78,  79). 

Mine. — Springfield  No.  1,  a  slope  mine  in  the  central  Pennsylvania  district,  half  a 
mile  southeast  of  Nanty  Glo  on  the  Black  Lick  branch  of  the  Cresson  division  of 
the  Pennsylvania  Railroad. 

Coal  bed. — Lower  Kittanning  or  B.  Carboniferous  age,  AUegheny  formation. 
Average  thickness,  3  feet  7  inches.  Roof,  firm  shale,  overlain  by  a  sandstone  cap  rock 
22  feet  thick.  Floor,  a  soft  shale,  generally  smooth.  Material  from  the  roof  or  floor 
did  not  become  mixed  with  the  coal  in  mining.  There  are  small  soft  '^sulphur'' 
lenses  throughout  the  coal  bed. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  A.  J.  Hazlewood 
on  April  29,  1911,  as  described  below: 

Sections  of  coal  bed  in  Springfield  No.  1  mine. 


Sectkm 

Laboratory  No 

Roof,  sanorock,  soft  shale. 

Coal ,  sof t .  with  irregular  cleavage 

Coal,  dull. 

Coal,  very  soft  with  a  number  of  soft  "sulphur" 

lenses 

Floor,  soft  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

C 

D 

12128 

12120 

12130 

12131 

Ft.   in. 

Ft.    in. 

Ft.   in. 

Ft.    in. 

0  11 

0  11 

1  0 

1  0 

0  1 

0   1 

0  U 

0  11 

2   4 

2  8 

2  5J 

2  6| 

3   4 

3   8 

3  7 

3  8 

3   4 

8   8 

3  7 

3  8 

E 
12133 
Ft.    in. 
0    10 
0       I 

2  lOi 

3  0 
3     0 
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Section  A  (sample  12128)  was  measured  at  the  face  of  left  entry  4,  2,700  feet  from  the 
mine  mouth. 

Section  B  (sample  12129)  was  measured  at  the  face  of  the  main  entry,  3,500  feet  from 
the  mine  mouth. 

Section  0  (sample  12130)  was  measured  at  the  face  of  the  third  crosscut  off  the  dip 
heading,  2,500  feet  from  the  mine  mouth. 

Section  D  (sample  12131)  was  measured  at  the  face  of  left  entry  1,  3,000  feet  from  the 
mine  mouth. 

Section  £  (sample  12133)  was  measured  on  the  pillar  in  room  3,  off  left  entry  2. 

A  composite  sample  was  made  by  combining  face  samples  12128  to  12131,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  imder  laboratory  No.  12132. 

Notes. — ^The  mine  is  on  a  syncline,  and  is  entered  by  a  steep  slope  430  feet  long. 
The  bed  is  slightly  rolling;  there  were  three  or  four  *  *  swamps  "  on  the  main  entry.  The 
dip  entry  turns  to  the  right  and  at  the  time  of  sampling  had  considerable  water  in  it. 
The  high  parts  of  the  mine  were  dry. 

The  coal  was  undercut  in  the  bottom  part  of  the  bed  with  compressed  air  punchers 
and  broken  down  with  FFFF  black  powder.  All  of  the  coal  was  shipped  as  nm-of- 
mine.  Pickers  were  employed  on  the  cars  in  loading.  There  was  one  loading  track 
with  a  capacity  of  20  empty  and  20  loaded  cars.  The  mine  had  a  capacity  of  550  tons 
with  an  average  daily  output  of  500  tons,  which  was  all  from  advance  workings.  There 
was  approximately  2,000  acres  of  unmined  coal  tributary  to  this  opening. 

Portage.    Forge  Slope  No.  1  Mine. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  12369,  W20396, 
W20397,  W20398,  W20399,  W20400,  and  W20401  (p.  79). 

Mine. — Foige  Slope  No.  1,  a  slope  mine  in  the  central  Pennsylvania  district,  2  miles 
north  of  Portage,  on  the  Martins  branch  of  the  Pennsylvania  Railroad. 

Coal  bed. — C^  or  Upper  Kittanning,  Carboniferous  age,  All^heny  formation.  Aver- 
age thickness,  3  feet  5  inches.  The  roof  is  bony  coal  of  poor  quality  1  foot  6  inches  to  3 
feet  4  inches  thick,  and  is  overlain  by  shale  and  sandstone.  Floor,  fire  clay  under- 
lain by  limestone. 

The  bed  was  measured  and  sampled  at  six  points  in  the  mine  by  P.  M.  Riefkin  on 
June  8,  1911,  as  described  below: 

Sections  of  coal  bed  in  Forge  Slope  No.  1  mine. 


Section 

Laboratory  No 

Roof,  snale  and  bony  oool. 

Coal,  soft 

"Sufchur" 

:      Coai: 

"Bulphar" 

Coal 

CoaLhanl 

Coal 

Floor,  fire  clay. 

Tnlcknessofbed 

Thickness  of  coal  sampled. 


A 
W20396 
Ft.   in. 


1     H 


0  3 

1  lOi 


3 
8 


3 


B 

W20397 
Ft.   in. 


1     2J 


0  2} 

3  0 

3  5 

3  5 


C 
W20398 
Ft.   in. 


1     4 


0  3 

1  111 


3 
3 


D 
W30399 
Ft.   in 

0 

0 

0 

0 

0 

0 

2 


3 


3    7 
3 


?l 


E 

W20400 

Ft.   in. 

0     8 

0     i 

0     6 


0     2i 
2      1 


3 
3 


F 

W20401 

Ft.  in. 

■  ■        •  • 
•  «        •  • 

1     2k 


•  •  •  • 

0  24 

2  ^ 

8  7 

3  7 


Section  A  (sample  W20396)  was  measured  near  the  i2Lce  of  the  main  south  heading,  1 
mile  south  of  the  mine  mouth . 

Section  B  (sample  W20397)  was  measured  on  the  rib  near  the  fcwie  of  left  entry  7, off 
the  main  south  entry,  1  mile  west  of  the  mine  mouth. 

Section  C  (sample  "W20398)  was  measured  on  the  rib  near  the  face  of  right  entry  2,  off 
left  entry  7,  off  the  main  south  entry,  4,500  feet  northwest  from  the  mine  mouth. 

Section  D  (sample  "W20399)  was  measured  on  the  rib  near  the  face  of  right  entry  1,  off 
left  entry  7,  off  the  main  south  heading,  5,000  feet  southwest  of  the  mine  mouth. 
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Section  £  (sample  W20400)  was  measured  at  the  iauce  of  the  main  north  heading, 
3,000  feet  north  from  the  mine  month. 

Section  F  (sample  W20401)  was  measured  on  the  rib  near  the  fa^ce  of  right  entry  3,  off 
the  main  north  entry,  2,600  feet  north  from  the  mine  mouth. 

A  composite  sample  was  made  by  combining  teice  samples  W20396  to  W20401,  inchi- 
sive.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  tmder  laboratory 
No.  12369. 

Notes. — At  the  time  of  sampling  the  coal  was  tmdercut  with  ptmcher  machines  and 

shot  down  with  FFFF  black  powder.    There  were  two  loading  tracks  with  a  capacity 

of  45  empty  and  45  loaded  cars.    There  were  no  screens  at  the  tipple,  all  of  the  coal 

being  loaded  as  nm-of-mine.    Pickers  were  employed  on  the  cars  in  loading.    The 

mine  had  a  capacity  of  800  tons  and  a  daily  average  output  of  700  tons,  the  larger  part 

of  which  was  from  advanced  workings.    The  intent  was  to  increase  the  output  to  800 

tons  a  day.    There  was  approximately  300  acres  of  unmined  coal  tributary  to  this 

opening. 

PoRTAQB.    Miller  No.  1  Shaft. 


Sample. — Semibitimiinous  coal;  Windber  field;  analyses  Nos.  11355,  11356,  11357, 
11358, 11359,  and  11360  (p.  79). 

Mine. — Miller  No.  1  shaft;  central  Pennsylvania  district;  a  shaft  mine  1  mile  south- 
east of  Portage,  on  the  main  line  of  the  Western  Pennsylvania  Division  of  the  Penn« 
sylvania  Kailroad.    There  are  railroad  connections  from  the  mine  to  the  main  line. 

Coal  bed. — Lower  Kittanning,  Miller,  or  B .  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  about  3  feet  6  inches.  Dip,  5  to  15  per  cent,  west.  Roof,  hard 
black  shale  about  18  inches  thick,  above  which  is  a  sandstone  cap  rock;  floor, 
medium-hard  smooth  clay.  Cover  at  points  of  sampling,  200  to  425  feet.  The  bed  was 
measured  and  sampled  at  five  points  in  the  mine  by  Charles  Enzian  on  December  7, 
1910,  as  described  below: 

Sections  of  coal  bed  in  Miller  No.  1  shaft. 


Section 

Laboratonr  No 

Roof,  hard  shale. 

Bone 

Coal 

"Sulphur"  band 

Shale,  hard 

Coal 

Mother  coal 

Coal 

Floor,  soft  shale. 

Th  ickness  of  bed 

Thickness  of  coal  sampled 


A 
11365 
Ft.    in. 
aO 


^ 


3    2 
2    Oi 


B 

11366 

Ft.    in. 

•  •  •  • 

0    111 


3 
3 


C 

11367 
Ft.    in. 
aO    2} 
1    2 


D 
11368 

Ft.    in. 

aO     6} 
1      1 

•  •         •  • 

2   4 


3 
8 


•^ 


E 

11350 

Ft.    in. 

1    0 


0 
3 


I 


3    6 
3     } 


a  Not  included  in  sample. 

Section  A  (sample  11355)  was  measured  at  the  face  of  the  second  right  dip,  2,800 
feet  southwest  of  the  shaft. 

Section  B  (sample  11356)  was  measured  at  the  face  of  third  left  heading,  4,100 
feet  southeast  of  the  shaft. 

I    Section  C  (sample  11357)  was  measured  on  the  pillar  of  the  A-1  heading,  2,000  feet 
from  the  foot  of  the  sliaft. 

Section  D  (sample  11358)  was  measured  at  the  face  of  the  first  ri^t  dip,  1,500  feet 
from  the  foot  of  the  shaft. 

Section  £  (sample  11359)  was  measured  at  the  isyce  of  first  left  heading,  3,000  feet 
from  the  foot  of  the  shaft. 

A  composite  sample  was  made  by  combining  face  samplee  11355  to  11359,  inclusive. 
The  results  of  an  idtimate  analysis  of  this  sample  are  shown  under  laboretory  No. 
11360. 
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Notes, — ^The  mine  is  opened  by  a  shaft  about  425  feet  deep.  The  plan  of  working 
is  triple  entry,  room-and-pillar.  At  the  time  of  sampling  the  coal  was  undercut  by 
hand.  Black  powder  was  used  for  breaking  down  the  coal  and  dynamite  for  brushing 
the  roof.  The  tipple  was  steel.  There  were  two  loading  tracks  with  a  capacity  of  80 
cars.  All  of  the  coal  was  shipped  as  run-of-mine.  Pickers  were  employed  on  the  cars 
in  loading.  The  mine  was  comparatively  new  and  had  an  average  daily  output  of  700 
tons,  all  of  which  was  from  advance  workings.  The  intent  was  to  increase  the 
output  to  about  1,600  tons  a  day.  When  the  pillars  were  pulled,  the  total  recovery 
was  about  90  per  cent. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  160,  712,  713. 

Portage.    Plymouth  No.  1  Mine. 

Sample, — Semibitimiinous  coal;  Windber  field;  analyses  Nos.  11705,  W17110, 
W17111,  and  W17112  (p.  80). 

Mine. — Plymouth  No.  1,  a  drift  mine  in  the  central  Pensylvania  district,  2} 
miles  east  of  Portage,  on  the  Pennsylvania  Railroad. 

Coal  bed, — C^  or  Upper  Kittanning.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  3  feet  8  inches.  Roof,  bony  coal,  overlain  by  shale.  Floor,  hard, 
smooth  fire  clay  which  softens  readily  when  in  contact  with  the  air. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  G.  S.  Pope  on 
January  27, 1911,  as  described  below: 

Sections  of  coal  bed  in  Plymouth  No.  1  mine. 

Section ABC 

Laboratory  No W17110  W17111  W17112 

Roof .  bone  and  shale.                                                                                   Ft.    in.  Ft.    in.  Ft.    in. 

Coal 13  13  11 

Bone oO     i  ..  ..  <»0     \\ 

Bone,8oft 0   1  ..    .. 

Coal 0   8  ..    .. 

"Bulphar" <»0     \  ..    .. 

Coal 2   4  18  1    Hi 

Floor,  fire  clay. 

Thickness  of  bed 3    7*  3    81  3 

Thickness  of  ooal  sampled 3    7  3    8  3 


1 


a  Not  included  in  sample. 

Section  A  (sample  W17110)  was  measured  at  the  fac%  of  No.  5  dip,  300  feet  from 
the  main  heading. 

Section  B  (sample  W17111)  was  measured  at  the  face  of  fourth  left  entry,  2,000  feet 
from  the  main  heading. 

Section  G  (sample  W17112)  was  measured  at  the  face  of  the  main  heading,  260  feet 
from  eighth  left  entry. 

Notes, — ^At  the  time  of  sampling  the  coal  was  imdercut  by  hand  and  shot  down  with 
FFFF  black  powder.  The  tipple  had  one  loading  track  with  a  capacity  of  15  cars. 
There  were  no  screens,  the  entire  output  being  shipped  as  nm-of-mine.  Pickers  were 
employed  on  the  cars  in  loading.  The  mine  had  a  capacity  of  300  tons  a  day  and  an 
average  daily  output  of  250  tons.  Plans  were  under  way  for  installing  rope  haulage 
and  doubling  the  production  of  the  mine.  There  were  approximately  750  acres  of 
unmined  coal  tributary  to  this  opening. 

Portage.    Sonman  No.  2  Shaft. 

^ornpfe.— Semibituminouscoal;  Windber  field;  analyses  Nos.  12205, 12217,  W19688, 
W19689,  W19690,  W19691,  W19692,  W19693,  and  W19694  (p.  80). 

Mine. — Sonman  No.  2  shaft,  in  the  central  Pennsylvania  district,  1  mile  east  of 
Portage,  on  the  Sonman  branch  of  the  Pennsylvania  Railroad. 

47664°— BuU.  85—14 ^19 
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Coal  6«/.— Lower  Kittanning  or  B.  Carboniferous  age,  Alk^ny  formation. 
Thickneae,  3  feet  8  inches  to  4  feet  6  inches,  fairly  uniform.  Dip,  llj**  N.,  68*  W. 
Roof,  smooth  shale;  above  the  shale  is  a  sandstone  cap  rock;  floor,  rough  fire  clay. 
Particles  of  the  roof  or  floor  did  not  become  mixed  with  the  coal  in  mining. 

The  bed  was  measured  and  sampled  at  seven  points  in  the  mine  by  P.  M.  Riefkin 
on  May  1,  1911,  as  described  below. 

Sections  of  coal  bed  in  Sonman  No.  2  shaft. 


Section ,       A  B 

Laboratory  No '  W19688  ,  W19680 

Roof,  sandstooe  and  shale.  \  Ft.    in.  \  Ft.    in. 

Goal, bony aO    2i  '  «0 

Coal 

Coal,  bony 

Coal 

*'Salphur"    and     mother 
ooaL 

Coal 

Floor,  fire  clay. 

Thickness  of  bed 

Thickness  of  ooal  sampled. . 


3     i 


3     5 


3    3 


I 


3      h\ 


3    11 

3      7 


C 
W19600 
Ft.    in. 

•  •         •  • 

'3  io 

•  •      «  • 

D 
WlMOl  . 
Ft.    in. 
aO    8 

i1 

2    5 

•  •         •  • 

•  •      •  • 

3    10 

•  •         •  • 
■  •         •  • 

3    7}  . 

B 
WIMM 
Ft.    in. 

•  0     7 


3 

0 

0 

3 
3 


81 

i 
"8 


V 

W1M03 

Ft.    in. 

sO    71 

1 

0 

1    8 

0     J 
0  *7| 

4    5 
3    9i 


0 
W190M 
FL    in. 

•?  3 

0    1 
0    7 

Strsak. 

•  •        ■  ■ 

1      6 

4      4 

3    10) 


a  Not  included  in  sample. 

Section  A  (sample  W19688)  was  measured  at  the  face  of  room  8,  left  heading  2  off 
dip  off  the  main  south  heading. 

Section  B  (sample  W19689)  was  measured  on  a  pillar  near  the  face  of  rocnn  23,  first 
right  off  plane,  3,000  feet  southeast  of  the  shaft. 

Section  0  (sample  W19690)  was  measured  at  the  face  of  room  13,  left  heading  1  off 
dip  off  the  main  south  heading. 

Section  D  (sample  W19691)  was  measured  at  the  face  of  ''No.  32  crook'*  off  the 
main  north  heading. 

Section  £  (sample  W19692)  was  measured  at  the  face  of  ''No.  28  crook,"  left  head- 
ing 1  off  dip  off  main  south  heading. 

Section  F  (sample  W19693)  was  measured  at  the  foce  of  rocnn  10,  first  ri^t  off  plane 
17  off  main  north  heading. 

Section  G  (sample  W19694)  was  measured  at  the  face  of  right  heading  3  off  main 
dip  off  main  north  heading. 

A  composite  sample  was  made  by  combining  face  samples  W19689,  W19691,  and 
W19692.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  labora- 
tory No.  12217. 

A  composite  sample  was  made  by  combining  face  samples  W19688,  W19690,  W19693, 
and  W19694.  The  results  of  an  ultimate  analysis  of  this  sample  are  given  tmder 
laboratory  No.  12206. 

Notes.— The  mine  is  opened  by  a  shaft  320  feet  deep.  At  the  time  of  sampling  the 
coal  was  undercut  by  hand  and  broken  down  with  bkck  powder.  The  entire  output 
was  shipped  as  run-of-mine.  Pickers  were  employed  on  the  car  in  loading.  There 
wore  two  loading  tracks  with  a  capacity  of  55  empty  and  55  loaded  cars.  The  daily 
output  was  1 ,  100  tons,  about  75  per  cent  of  which  was  from  advance  workings.  There 
was  approximately  1,600  acres  of  unmined  coal  tributary  to  this  opening. 

Spanoler.    Pennsylvania  No.  21  and  No.  22  Mines. 

Sample.-  Bituminous  coal;  Windber  field;  analyses  Nos.  12126,  12127,  12140  to 
12M8,  inclusive  (p.  81). 

Mine,  Pennsylvania  No.  21  and  Pennsylvania  No.  22,  slope  mines,  2  miles  north- 
wont  of  Hpani^lor,  on  the  Oresson  division  of  the  Pennsylvania  Railroad. 
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Coal  bed. — ^Lower  Freeport  or  D,  Carboniferous  age,  Allegheny  formation.  Average 
thickness,  3  feet  10  inches.  Roof,  bony  coal  overlain  by  ''draw  slate  "  6  inches  thick, 
which  comes  down  with  the  coal.  Floor,  hard  fire  clay  with  rough  surface.  In 
mining  care  was  taken  that  the  material  from  the  roof  and  floor  did  not  become  mixed 
with  the  coal. 

The  bed  was  measured  and  sampled  at  five  points  in  No.  22  mine  and  at  four  points 
in  No.  21  mine  by  H.  I.  Smith,  on  April  26  and  27, 1911,  as  described  below: 

Sections  of  coal  bed  in  Pennsylvania  No.  21  mine. 


Sectkm. 

Laboratory  No 

Roof,  bony  coal,  and  "draw  slate." 

(5oaL 

Coal  and  "ahaie".. *...*..*.. *..*..! 

CoaL 

Coal  and  "gulphur  " 

Coal 

CoaL 

Bony  coaL 

CoaL 

CoaL 

CoaL .' 

"Mining  slate" 

CoaL 

CoaL 

Floor,  hard  fire  clay. 

Tniokness  of  bed .' 

Thickness  of  coal  sampled 


A 

B 

C 

12144 

12145 

12146 

Ft.   in. 

Ft.    in. 

FU   in. 

8  1 

0     4 

aO      1 

0     i 

1     0 

0      8 

0     5 

•  •         •  • 

aO      1 

aO      2 

••  «         •  • 

0      4 

0     3 

oO      1 

aO      2 

0       \ 

oO      1 

aO      1 

aO  •    i 

aO 

1      4 

1      1 

1      0 

aO        \ 
aO        } 
aO      1 

aO        f 

OO      1} 
aO      1 

aO      1 

«0      U 
aO       1 

0    10 

0      8 

0      8 

3      0 

3      5} 

3     6 

3      7 

2    10 

2     8} 

D 

12147 

Ft.    in. 


1  3 

aO  i 

0  6 

•  •  ■  • 

0  1 

•  •  •  • 

0  10 

aO  i 

SO  1 

aO  I 

0  0 

3  7\ 

3  5 


a  Not  included  in  sample. 

Section  A  (sample  12144)  was  measured  at  the  isLce  of  the  main  heading,  5,000  feet 
southwest  of  the  mine  mouth. 

Section  B  (sample  12145)  was  measured  at  the  iAce  of  the  second  main  entry,  6,500 
feet  from  the  mine  mouth. 

Section  G  (sample  12146)  was  measured  at  the  iAce  of  back  heading  17.  The 
point  of  sampling  was  5,900  feet  west  of  the  mine  mouth. 

Section  D  (sample  12147)  was  measured  at  the  face  of  right  entry  4  off  the  second 
main  entry,  6,300  feet  east  of  the  mine  mouth. 

A  composite  sample  was  made  by  combining  isLce  samples  12144  to  12147,  inclusive. 

The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 

12148. 

Sections  of  coal  bed  in  Pennsylvania  No.  22  mine. 


Section 

Laboratory  No 

Roof,  cannel coal  and  "draw  slate." 

Coal 

Mother  coal  and  "sulphur '' . . . . 

Coal 

Mother  coal  and  "  sulphur '' 

Coal 

Coal  pray,  bony 

Coal 

Coal 

"Mtoing  slate" 

Coal 

Coal 

Floor,  hard  fire  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

12126 
Ft.    in. 

0  8 
aO       \ 

1  3l 


0 

0 

«0 


h 


9 
1 


so  1 

aO  U 

1  0 

4  1 

3  9 


B 
12127 
Ft.   in. 
1     5i 

•  •         •  • 

C 

12140 

Ft.   in. 

0    11 

0   4 

D 

12141 

Ft.    in. 

0    10 

aO    .  i 

•  • 

•  •         •  • 

ad  *i§ 
1    1 

oo        h 
aO       { 

aO      1 

•  •         •  • 

0  u 

i  2 

aO 

00      1 
aO         } 

1  0 

•  •         •  • 
«  •         •  • 

1      7J 
aO      1 
aO      l\ 
aO      1 

0      8i 

3    11 
3      7i 

3    111 
3     H 

3      51 
3      2 

a  Not  included  in  sample. 

Section  A  (sample  12126)  was  measured  at  the  face  of  the  main  ninth  entry,  7,200 
feet  southwest  of  the  mine  mouth. 

Section  B  (sample  12127)  was  measured  on  the  rib  of  room  9,  right  entry  4,  off  the 
main  ninth  entry,  6,200  feet  southwest  of  the  mine  mouth. 
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Section  G  (sample  12140)  was  measured  at  the  tauce  of  room  17,  off  right  entry  6,  off 
the  main  ninth  entry,  7,400  leet  from  the  mine  mouth. 

Section  D  (sample  12141)  was  measured  at  the  ^M^e  of  the  main  back  heading,  7,100 
feet  from  the  mine  mouth. 

Section  £  (sample  12142)  was  measured  at  the  ^M^e  of  the  fourteenth  right  off  the 
main  heading,  7,2^  feet  bom  the  mine  mouth. 

A  composite  sample  was  made  by  combining  face  samples  12126,  12127,  12140, 
12141,  and  12142.  The  results  of  an  ultimate  analysis  of  this  sample  are  given  under 
laboratary  No.  12143. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  both  by  hand  and  with 
electric  chain  machines  and  shot  down  with  FFFF  black  powder  and  ''40  per  cent'' 
nitroglycerin  dynamite.  There  was  one  loading  track  at  the  tipple  with  a  capacity 
of  50  empty  and  100  loaded  cars.  All  of  the  coal  was  shipped  as  nm-of-mine.  The 
tipple  was  equipped  with  bar  screeiis  with  3-inch  openings;  if  screened  about  50  per 
cent  of  the  coal  would  pass  through  the  3-inch  spaces.  Pickers  were  employed  on 
the  cars  in  loading.  The  capacity  of  the  storage  bin  was  165  tons.  The  mines  had  a 
capacity  of  1,500  tons  a  day,  with  a  daily  average  output  of  1,000  tons,  60  per  cent  of 
which  was  from  advance  workings.  There  was  approximately  5,000  acres  ot  unmined 
coal  tributary  to  this  opening. 

Twin  Rocks.    Bio  Bbnd  No.  1  Mine. 

Sample, — Semibituminous  coal;  Windber  field;  anal3rBes  Nos.  W19668,  W19669, 
W19672,  W19674,  W19676, 12208,  and  12215  (p.  82). 

Mine. — ^Big  Bend  No.  1,  a  drift  mine  in  Black  lick  Township  at  Twin  Bocks,  on 
the  CJresson  division  of  the  Pennsylvania  Bailroad. 

Coal  bed. — Miller,  B,  or  Lower  Kittanning.  Garboniferousage,  AUegheny  formation. 
Average  thickness,  3  feet  8  inches.  Koof,  smooth,  hard,  gray  shale  15  feet  thick, 
overlain  with  sandstone.    Floor,  hard,  smooth  shale,  underlain  with  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  £.  W.  Miller  on 
April  29, 1911,  as  described  below: 

Sections  of  coal  bed  in  Big  Bend  No.  1  mine. 


Section 

LfttN>ratonr  No 

Roof,  sandstone  and  shale. 
Coal. 


"Sulphur". 
"Coal" 


"Sulphur"  and  shale. 
Coal. 


Floor.  Rhale  and  fire  clay. 
Thickness  of  bed. 


Thickness  of  coal  sampled . 


A 
W19668 
Ft.  in. 
8     7) 


3 
3 


?1 


B 
W1966a 

Ft.  in. 
1    11 

%  .* 

?  4 

3      ftZ 
3     «| 


C 

W19672 

Ft.  in. 

1     9 


1 


4 


i  a 


D 
W1M74 
Ft.  in. 
0     S| 


3     3| 

3     7| 
3     7 


E 
Wl967n 
Ft.  in. 
4       3 


4 

4 


3 
3 


a  Not  included  in  sample. 

Section  A  (sample  W19668)  was  measured  at  the  &kce  of  room  11  off  the  drainage 
heading,  2,600  feet  northeast  of  the  main  opening. 

Section  B  (sample  W19669)  was  measured  at  the  face  of  the  water-level  heading 
2,000  feet  northeast  of  the  main  opening. 

Section  0  (sample  W19672)  was  measured  on  the  pillar  opposite  room  16,  Claghom 
section,  3,000  feet  east  of  the  main  opening. 

Section  D  (sample  W19674)  was  measured  on  the  pillar  to  left  of  main  heading, 
2,500  feet  east  of  the  main  opening. 

Section  E  (sample  W19676)  was  measured  on  the  pillar  to  the  left  of  the  main 
heading,  opposite  right  headings  6  and  7,  2,000  feet  east  of  the  main  opening. 

A  composite  sample  was  made  by  combining  face  samples  W19668  and  W19669. 
The  results  of  an  ultimate  analysb  of  this  sample  are  shown  under  laboratory  No. 
12215. 
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A  composite  sample  was  made  by  combining  face  samples  W19672,  W19674,  and 
W19676.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory 
No.  12208. 

Notes. — ^At  the  time  of  sampling,  the  coal  was  undercut  by  hand  and  broken  down 
with  black  powder.  There  was  no  screen,  the  entire  output  being  shipped  as  run 
of-mine.  Pickers  were  employed  on  the  cars  in  loading.  There  was  one  loading 
track  with  a  capacity  of  10  cars.  The  mine  had  a  daily  capacity  of  450  tons,  with  an 
average  output  of  375  tons  a  day,  70  "pet  cent  of  which  was  from  advance  workings. 

Twin  Rocks.    Bio  Bend  No.  6  Mine. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  W19670,  W19671, 
W19673,  W19675,  W19677, 12707,  and  12227  (p.  83). 

Mine. — ^Big  Bend  No.  6,  a  drift  mine  in  Black  Lick  Township,  1  mile  north  of 
Twin  Rocks,  on  the  Oresson  division  of  the  Pennsylvania  Railroad. 

Coed  bed. — ^Miller,  B,  or  Lower  Kittanning.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  5  feet  9  inches.  The  roof,  a  hard,  smooth  gray  shale,  15  feet  thick,, 
IB  overlain  by  a  sandstone  cap  rock  25  feet  thick.  The  floor  is  a  hard,  smooth  shale; 
below  the  shale  is  a  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  £.  W.  Miller  on 
April  29, 1911,  as  described  below: 

Sections  of  coal  bed  in  Big  Bend  No.  6  mine. 


Becticm 

Laboratory  No 

Roof,  shale  and  sandstone. 

(W 

"SuliAur"  streak 

Sbale 

Goal 

Fkwr.  shale  and  fire  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


A 

W19670 
Ft.   in. 


aO 


1 


3      7} 


3 
3 


n 


B 

W19671 
Ft.    in. 


aO 


1 


3   ^ 


3 
3 


l\ 


C 

W19673 

Ft.   in. 

2     U 


3 
3 


n 


D 
W19676 
Ft.   in. 


8     9| 


3 
3 


SI 


F 
W19677 
Ft.   in, 
0      I 

«6     i 

8     7} 


8 
3 


a  Not  included  in  sample. 

Section  A  (sample  W19670)  was  measured  at  the  fsLce  of  room  1,  left  side  of  right 
heading  1  off  No.  9  drift,  900  feet  south  of  No.  9  opening.  There  were  sulphur  streaks 
in  the  coal  represented  by  this  section. 

Section  B  (sample  W19671)  was  measured  on  the  pillar  between  rooms  23  and  24 
off  the  main  heading,  1,500  feet  northeast  of  the  main  opening.  There  were  irregular 
sulphur  streaks  in  the  coal  represented  by  this  section. 

Section  G  (sample  W19673)  was  measured  at  the  face  of  heading  13,  325  feet  from 
the  outcrop  and  3,500  feet  southeast  of  the  main  opening.  There  were  sulphur  streaks 
throughout  the  coal  represented  by  this  section. 

Section  D  (sample  W19675)  was  measured  on  the  pillar  between  rooms  27  and  28 
off  the  main  heading,  2,000  feet  northeast  of  the  main  opening.  There  were  small 
irregular  sulphur  streaks  in  the  coal  represented  by  this  section. 
'  Section  £  (sample  W19677)  was  measured  at  the  foce  of  room  10  on  the  left  side  of 
No.  9  drift,  700  feet  southwest  of  No.  9  opening.  Sulphur  balls  and  streaks  were 
frequent  in  the  coal  represented  by  this  section. 

A  composite  sample  was  made  by  combining  face  samples  W19671  and  W19675. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  12207. 

Notes. — At  the  time  of  sampling  the  coal  was  imdercut  by  hand  and  shot  down 
with  black  powder.  There  was  one  loading  track  at  the  tipple  with  a  capacity  of  16 
cars.  There  were  no  screens,  the  entire  output  being  loaded  as  run-of-mine.  Pickers 
were  employed  on  the  cars  in  loading.  The  mine  had  a  daily  capacity  of  450  tons 
and  an  average  daily  output  of  375  tons,  of  which  about  70  per  cent  was  from  advance 
workings. 
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Twin  Rocks.    Commercial  No.  3  Minb. 

Sample, — Semibituminous  coal;  Windber  field;  analyses  Nos.  12377,  \V20477, 
W20478,  W20479,  W20480,  and  W20481  (p.  83). 

Mine. — Commercial  No.  3,  a  slope  mine  at  Twin  Rocks,  on  the  Cresson  division  of 
the  Pennsylvania  Railroad. 

Coal  bed. — Miller  or  B.  Carboniferous  age,  Allegheny  formation.  Average  thick- 
ness, 3  feet  9  inches.  The  roof,  a  black  shale  5  to  8  feet  thick,  is  overlain  by  sand- 
stone.   The  floor  is  shale  aqd  bottom  coal,  underlain  by  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  E.  W.  Miller  on 
June  10,  1911,  as  described  below: 

Sections  of  coal  bed  in  Commercial  No.  S  mine. 


Section 

Laboratonr  No 

Roof,  miastoDe  and  shale. 

Coal 

''Sulphur"  streak 

"Sulphur"  balL 

Coal 

"Sulphur" 

Coal 

"Sulphur" 

Coal 

"Sulphur" 

Coal 

Floor,  shale,  bottom  ooal,  and  Are olay . 

Tmokneas  of  bed 

Thickness  of  coal  sampled 


A 
Wa0477 
Ft.    in. 
0     5f 

•  •        •  • 

a  1      2 
8      4i 


S    10 


I 


B 

Wa0478 

Ft.    in. 

0     1 

0       I 

»  »         •  • 


8      0 
8     6| 


C 

Wa0479 

Ft.    in. 

0     5| 

0       { 


D 

waMSo 

Ft.    in. 
0     1 
0       i 


2 
0 
0 
0 


3 
3 


li 


B 
W20481 
Ft.    in, 

0    1 

3       i 


I  n 


a  Not  included  in  sample. 


Section  A  (sample  W20477)  was  measured  at  the  face  of  the  main  heading,  6,200  feet 
northwest  of  the  mine  mouth. 

Section  B  (sample  W20478)  was  measured  on  the  pillar  of  fourth  right  heading,  5,000 
feet  from  the  main  entry  and  4,500  feet  northeast  of  the  mine  mouth. 

Section  C  (sample  W20479)  was  measured  at  the  face  of  seventh  right  heading,  450  feet 
from  the  main  entry  and  5,600  feet  northwest  of  the  mine  mouth. 

Section  D  (sample  W20480)  was  measured  at  the  face  of  seventh  left  entry,  700  feet 
from  the  main  entry  and  5,300  feet  northwest  of  the  mine  mouth. 

Section  £  (sample  W20481)  was  measured  at  the  face  of  fifth  right  heading,  5,000 
feet  from  the  main  entry  and  4,200  feet  north  of  the  mine  mouth. 

A  composite  sample  was  made  by  combining  face  samples  W20477,  W20479,  W20480, 
and  W20481).  The  results  of  an  ultimate  analysis  of  this  sample  are  given  imder 
laboratory  No.  12377. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  with  machines 
and  shot  down  with  FFF  black  powder.  There  was  one  leading  track  at  the  tipple 
which  had  a  capacity  of  28  empty  and  28  loaded  cars.  There  were  no  screens,  the 
entire  output  being  shipped  as  nm-of-mine.  Pickers  were  employed  on  the  cars  in 
loading.  The  mine  was  equipped  to  produce  about  1,000  tons  a  day  and  was  operatinif 
at  full  capacity.  There  was  approximately  850  acres  of  unmined  coal  tributary  to 
this  opening. 

Twin  Rocks.    Commbrcial  No.  4  Minb. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  12364,  W17061, 
W20501,  W20503,  W20505,  W20506,  W20508  (p.  83). 

if in«.— Commercial  No.  4,  a  slope  mine  near  Twin  Rocks,  on  the  Cresson  division 
of  the  Pennsylvania  Railroad. 
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Coal  bed. — Lower  Kittaoning  or  B .  Carboniferous  age,  Allegheny  formation .  Aver- 
age thickneesy  3  feet  9  inches.  Roof,  a  black  shale  5  to  8  feet  thick,  above  which  is  a 
sandstone  cap  rock.    Floor,  shale,  underlain  by  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  P.  M.  Riefkin  on 
June  12, 1911  and  at  one  point  by  G.  S.  Pope  on  January  26, 1911,  as  described  below: 

Sectioru  of  coal  bed  in  Commercial  No.  4  mine. 


Section 

A 
W20601 
Ft.    in. 

2  4 

0  J 

•  ■         ■  • 

•  •         •  • 

•  •             m  9 
■   •             •   • 

1  3i 

3  8 
3     8 

B 

W2n503 
Ft.    in. 

2  1 
0       i 

«  •         •  • 

*i   "3J 

3  4} 
3      4} 

C 
W2nf»0R 
Ft.    in. 

2  0 

0     3 
0 

0  2 
0 

1  2 

3  81 
3      8} 

D 
W20606 
Ft.    in. 

2  0 
0       * 

•  •         ■  • 
«  •         •  • 

i  ioi 

3  lOf 
3    10| 

E 

W20608 

Ft.    in. 

1    11* 

aO       { 

•  •         •  • 

mm             mm 

1      7i 

3      7i 
3      7 

F 

Laboratorv  No , , 

Roof,  sandstone  and  shale. 

Coal 

W17061 
Ft.    in. 
0     6 

"Sulphur" 

0       i 

Coal 

"Sulphur" 

Coal 

If  other  coal 

Coal 

3    h 

Floor,  shale  and  fire  clay. 
Tnlokneffli  of  *>od . 

3      71 

ThicknesB  of  coal  sampled 

3     7} 

w              ■  g 

a  Not  included  in  sample. 

Section  A  (sample  W20501)  was  measured  100  feet  from  the  face  of  the  main  heading, 
5,200  feet  north  of  the  mine  mouth. 

Section  B  (sample  W20503)  was  measured  on  the  sixth  pillar  of  east  entry  9  off 
right  entry  2  off  the  main  entry,  3,800  feet  northeast  of  the  mine  mouth. 

Section  G  (sample  W20505)  was  measured  at  the  face  of  east  entry  6  off  right  entry 
3  off  the  main  entry,  4,000  feet  northeast  of  the  mine  mouth. 

Section  D  (sample  W20506)  was  measured  on  the  rib  near  the  face  of  east  entry  7 
off  right  entry  3  off  the  main  entry,  4,800  feet  northeast  of  the  mine  mouth. 

Section  E  (sample  W20508)  was  measured  at  the  face  of  right  entry  3  off  the  main 
entry,  4,900  feet  northeast  of  the  mine  mouth. 

Section  F  (sample  W17061)  was  measured  at  the  face  of  the  third  main  entry  off 
No.  4  slope. 

A  composite  sample  was  made  by  combining  face  samples  W20501,  W20505,  W20506, 
and  W20508.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under 
laboratory  No.  12364. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  both  by  hand  and  with 
machines  and  broken  down  with  FFF  black  powder.  There  were  no  screens,  the 
entire  output  being  shipped  as  run-of-mine.  Pickers  were  employed  on  the  cars  in 
loading.  There  was  one  loading  track  with  a  capacity  of  26  empty  and  26  loaded  cars. 
The  capacity  of  the  mine  was  600  tons  a  day  with  an  average  daily  output  of  450  tons. 
There  were  approximately  850  acres  of  unmined  coal. 

Twin  Rocks.    Commercial  No.  5  Mine. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  12375,  W17062, 
W20499,  W20500,  W20502,  W20504,  and  W20507  (p.  84). 

Mine. — Commercial  No.  5,  a  slope  mine  1  mile  from  Twin  Bocks,  on  the  Cresson 
division  of  the  Pennsylvania  Railroad. 

Coal  bed. — ^Miller  or  B.  Carboniferous  age,  Allegheny  formation.  Average  thick- 
ness, 3  feet  10  inches.  Roof,  shale  3  to  15  feet  thick,  overlain  by  a  sandstone  cap  rock; 
floor,  shale  underlain  with  Gie  clay. 
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The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  £.  W.  Miller  on 
June  12, 1911,  and  at  one  point  in  the  mine  by  P.  M.  Riefkin  on  January  2;jS,  1911,  as 
described  below: 

Sections  of  coal  bed  in  Commercial  No.  5  mine. 


Section. 

LaboratoiyNo 

BooC.  sandstone  and  shale. 

Coal , 

"Snlplmr" 

CoaL 

"Sulphur" 

CoalTT. 

•'Sulphur" 

CoaL 

••Sulphur" 

CoaL. 


Floor,  shale  and  fire  clay. 
Thickness  of  bed. 


Thicknem.of  coal  sampled. 


A 
W17068 
Ft.  in. 
0    10 


2  9i 

3  8 
3      7| 


B 
Wa0499 
Ft.  i9. 
0    11 
0 
1 
0 
0 
0 
0 
0 
1 


& 


- 


3 
3 


l\ 


C 

waosoo 

Ft.  in. 
0     44 


«0 
0 
0 

1 

aO 

1 

«0 


* 


J 


3      7| 
3     5l 


D 
Wa06Q2 
Ft.  in. 
1    11 


1     9 

3     8| 
3     8 


P 

Wa06O7 

Ft.  in. 

1     2 


;  4 

•  •  • 

•  •  • 

?  4 


3 
3 


^ 


9  Not  included  in  sample. 

Section  A  (sample  W17062)  was  measured  at  the  face  of  room  1  off  east  heading  10 
off  the  main  entry. 

Section  B  (sample  W20499)  was  measured  at  the  face  of  the  main  heading;  4,700 
feet  northeast  of  the  mine  mouth. 

Section  G  (sample  W20500)  was  measured  at  the  face  of  room  7  off  right  heading  1; 
500  feet  from  the  second  paraUel  entry  and  3,400  feet  northeast  of  the  mine  mouth. 

Section  D  (sample  W20502)  was  measured  at  the  face  of  east  heading  12;  325  feet 
from  the  main  entry  and  4,700  feet  northeast  of  the  mine  mouth. 

Section  £  (sample  W20504)  was  measured  at  the  face  of  east  heading  11;  800  feet 
from  the  main  entry  and  4,000  feet  northeast  of  the  mine  mouth. 

Section  F  (sample  W20507)  was  measured  at  the  face  of  room  10  off  east  heading  10; 
750  feet  from  the  main  heading  and  3,900  feet  northeast  of  the  mine  mouth. 

A  composite  sample  was  made  by  combining  face  samples  W20499,  W20500,  W20502, 
W20504,  and  W20507.  The  results  of  an  ultimate  analyses  of  this  sample  are  shown 
under  laboratory  No.  12375. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  shot  down 
with  FFF  black  powder.  There  were  no  screens,  the  entire  output  being  shipped 
as  run-of-mine  coal.  Pickers  were  employed  on  the  cars  in  loading.  There  was  one 
loading  track  at  the  tipple  with  a  capacity  of  28  empty  and  28  loaded  cars.  The 
mine  was  equipped  to  produce  500  tons  a  day  and  had  an  average  daily  output  of  300 
tons.    An  increase  to  800  tons  was  contemplated. 


CENTBB  COUNTY. 

Osceola  Mills.    Elbctbic  Minb. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  12067,  12068,  12069, 
12070,  and  12190  (p.  84). 

Mine. — Electric,  a  drift  mine,  one-half  mile  south  of  Osceola  Mills  on  the  Pennsyl- 
vania Railroad. 

Coal  bed. — Lower  Kittanning  or  B.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  5  feet.  *  Roof,  smooth  shale;  above  the  shale  is  a  cap  rock  about  15 
feet  thick.    Floor,  smooth  hard  fire  clay. 

The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  P.  M.  Riefkin  on 
April  18, 1911,  as  described  on  the  following  page. 
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Sectiom  of  coal  bed  in  Electric  mine. 


SecUoo 

Laboratory  No... 
Rool.  shale. 

Top  coal 

CoaL 

>har,  soft. 


Coal,  hard 

Coal,  bony 

Coal 

"Sulphur"  streaks,  soft... 

Coal 

"Sulphur" 

Coal 

"Sulphur" 

Coal.. 

Bottom  coal 

Floor,  hard  fire  clay. 

Thiokneasofbed 

Thtoknew  of  ooal  sampled. 


A 

B 

C 

12067 

12068 

12069 

Ft  in. 

Ft  in. 

Ft  in. 

0     9} 

•  •         •  • 

aO      1 

aO     1 

0  9 
0       J 

S  1 

•  •         •  • 

0      ih 

0      4 

aO      3 

aO     2 

aO      2h 

aO      4 

aO      3 

aO      4 

1    lli 

1      9 

0  J 
0      2 

1      8 

•  •         •  • 

•  •         •  • 

■  •         •  • 
•  •         •  • 

0      i 

aO 

aO      1 

0      5 

•  ■         •  • 

•  •          •  • 

aO        } 

•  •         •  • 

1      0 

0      7 

1      21 

aO      4^ 

oO      5^ 

aO      8 

4    10 

5      21 

4    lOf 

3      9 

4      1| 

3    ll{ 

D 
12070 
Ft  in, 
aO     I 

0 

0 

0 
aO 

aO 
1 


aO 


1 
«0 


8 

4 


4    10| 
3     9i 


a  Not  included  in  sample. 

Section  A  (sample  12067)  was  measured  at  the  face  of  right  entry  1,  off  the  new  drift 
entry. 

Section  B  (sample  12068)  was  measured  on  the  pillar  at  room  9,  off  left  entry  5,  off 
the  main  entry. 

Section  C  (sample  12069)  was  measured  on  the  pillar  at  room  7,  off  right  entry  4, 
off  the  main  heacUng. 

Section  D  (sample  12070)  was  measured  on  the  pillar  at  room  5,  off  left  entry  5, 
off  the  main  heading. 

A  composite  sample  was  made  hy  combining  face  samples  12068,  12069,  and  12070. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
12190. 

Notes, — ^At  the  time  of  sampling  the  coal  was  undercut  and  then  broken  down  with 
FFFF  black  powder.  All  of  the  coal  was  shipped  as  run-of-mine.  Pickers  were 
employed  on  the  cars  in  loading.  There  was  one  loading  track  with  a  capacity  of  20 
empty  and  15  loaded  cars.  The  mine  had  a  capacity  of  400  tons  a  day;  the  average 
output  was  about  300  tons,  80  per  cent  of  which  was  from  pillars  and  20  per  cent  from 
advance  workings.  There  were  approximately  200  acres  of  pillars  to  be  taken  out 
through  this  opening. 

Osceola  Mills.    Moshannon  No.  10  Mine. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  12057,  12058,  12059, 
12060,  12061,  and  12062  (p.  85). 

Mine. — ^Moshannon  No.  10,  a  drift  mine  in  the  Clearfield  district  one-fourth  of  a  mile 
north  of  Osceola  MiUs  on  the  Pennsylvania  Railroad. 

Coal  bed. — ^Lower  Eittanning  or  B.  Carboniferous  age,  Allegheny  formation. 
Thickness,  3^  to  6  feet,  average,  5  feet.    Roof,  smooth  shale;  floor,  hard  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  P.  M.  Riefldn  on 
April  18,  1911,  as  described  below: 

Sections  of  coal  bed  in  Moshannon  No.  10  mint. 


Section 

Laboratory  No 

Roof,  shale. 

Top  coal 

Cofi 

Coal,  hard  (gray) 

Coal,  bony 

Coal : 

"Sulphur" 

Coal 

"Sulphur" 

Coal.. 

Bottom  coal 

'loqr,  fire  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


A 

B 

C 

D 

B 

12067 

12058 

12050 

12060 

12061 

Ft  in. 

Ft  in. 

Ft  in. 

Ft  in. 

Ft  in. 

0     1 

CO       I 

0      6} 

•  ■              mm 

■  •         •  • 

aO     2 

0     6 

0     8: 

0     7 

0     8^ 

aO      4 

aO      4 

aO      2 
aO      4 

aO      2i 

•  0     3 

aO      6 

ao    a 

aO      3 

oo     ♦ 

1      6 

2 

1      9 

1      8 

1      6 

aO        i 

oO 

0      i 

aO        i 

•  •         •  • 

0    11 

0    10 

0      6 

1      0 

aO      1 

•  m             •  • 

ao 

■  •         •  • 

aO       1 

0      6i 

•  •             ■   • 

0      4 

•  «         •  • 

0      4) 

0      2 

0     3 

0      4} 

*  •          ■  • 

0     4| 

3      T\ 

4      5 
3      8| 

4      31 
3      8{ 

3     8} 
3     3 

I     SI 

a  Not  included  in  sample. 
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Section  A  (sample  12057)  was  measured  on  the  rib  of  room  18,  40  feet  from  left  entry 
2,  off  right  entry  4. 

Section  B  (sample  12058)  was  measured  at  the  face  of  room  21,  off  the  left  main 
heading. 

Section  0  (sample  12059)  was  measured  at  the  face  of  room  16,  off  the  right  main 
heading,  near  the  first  crosscut  to  the  right. 

Section  D  (sample  12060)  was  measured  at  the  face  of  right  heading  1. 

Section  E  (sample  12061)  was  measured  at  the  face  of  room  16,  off  right  heading  2. 

A  composite  sample  was  made  by  combining  face  samples  12057  to  12061.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  12062. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  by  electric  cutting  machines 
and  shot  down  with  FFFF  black  powder.  About  90  per  cent  of  the  output  was 
shipped  as  run-of-mine  coal,  the  machine  cuttings,  which  amounted  to  about  10  per 
cent  of  the  output,  being  loaded  separately.  Pickers  were  employed  on  the  cars  in 
loading.  There  was  one  loading  track  with  a  capacity  of  25  empty  and  15  loaded 
railroad  cars.  The  mine  was  equipped  to  produce  700  tons  a  day  and  had  an  average 
daily  output  of  500  tons,  about  75  per  cent  of  which  was  from  advance  workings.  An 
increase  of  about  50  per  cent  in  Uie  output  was  contemplated.  There  was  approxi- 
mately 600  acres  of  unmined  coal  tributary  to  this  opening. 

Osceola  Mills.    Weston  Mine. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  12063,  12064,  and 
12065  (p.  85). 

Mine. — ^Weston,  a  drift  mine  in  the  Clearfield  district,  one-half  mile  south  of  Osceola 
Mills,  on  the  Pennsylvania  Railroad. 

Coal  bed. — Lower  Kittanning  or  B.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  5  feet.  Roof,  smooth  black  shale;  floor,  hard  smooth  fire  clay. 
Neither  roof  nor  floor  material  got  mixed  with  the  coal  in  mining. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  P.  M.  Riefkin  on 
April  18, 1911,  as  described  below: 

Sections  of  coal  bed  in  Weston  mine. 


Section I       A 

Laboratory  No '     13063 

Ro(^  shale.  Ft.  in. 

Top  coal t 

Coal 0 

"Sulphur" oO 

Coal 0 

Coal,  bony  (gray) !  a  0 

Coal,  bony a  0 

Coal,  gray «»0 

Coal ■     2     6i 

"Sulphur" '  ..      .. 

C>oal '  ..      .. 

Bottom  coal oO     2J 

Floor,  hard  fire  clay. 

Thickness  of  bed 4 

Thickness  of  coal  sampled 3 


B 
12004 
Ft.  in. 


1 


«0 
aO 

2 
aO 

0 
«0 

5 
4 


1 
2 


1 
4 

11 

3» 
3 


C 
12066 
Ft.  in. 
aO      1 

1      4 


•  0 
oO 


1 
4 


3      3 


aO      2 


5 
4 


3 

7 


a  Not  included  in  sample. 

Section  A  (sample  12063)  was  measured  at  the  face  of  left  entry  4,  o£f  the  main  entry. 

Section  B  (sample  12064)  was  measured  on  the  rib  of  the  main  heading  at  left  entry  7. 

Section  C  (sample  12065)  was  measured  on  a  pillar  at  room  8,  o£f  right  entry  1,  off 
the  main  heading. 

A  composite  sample  was  made  by  combining  face  samples  12063  and  12064.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  12066. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  broken  down 
with  FFFF  black  powder.    All  of  the  coal  was  shipped  as  run-of-mine.    Pickers  were 
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employed  on  the  care  in  loading.  There  was  one  loading  track  with  a  capacity  of  20 
empty  and  15  loaded  care.  The  mine  had  a  capacity  of  400  tons  and  a  daily  average 
output  of  200  tons.  Approximately  400  acres  of  unmined  coal  was  to  be  developed 
from  a  new  opening  on  ^is  property. 

CLEARFIELD  COUNTY. 

BoARDMAN.    Potts  Run  No.  3  Mine. 

Sample, — Semibituminous  coal;  Windber  field;  analyses  Nos.  12093,  12094,  12095, 
12096,  12097,  and  12098  (pp.  85,  86). 

Mine. — Potts  Run  No.  3,  a  drift  mine  in  the  Clearfield  district,  1  mile  west  of  Board- 
man,  on  the  New  York  Central  Railroad. 

Coal  bed. — Lower  Kittanning  or  B.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  3  feet  10  inches.    Roof,  shale;  floor,  fire  clay. 

The  bed  was  measured  and  sampled  at  ^vq  points  in  the  mine  by  P.  M.  Riefkin  on 

April  24,  1911,  as  described  below: 

« 

Sections  of  coal  bed  in  Potts  Run  No.  S  mine. 


Section 

Laboratory  No 

Roof,  draw  shato. 

Ooal 

Sulphur 

Cod 

B  ony  coal  to  shale. 

Coal,  gray 

Coal 

Floor,  fire  clay. 

Thickness  of  bed 

Thickness  of  ooaisampled . 


A 

12093 

Ft.    in. 


2  3 

aO  1 

0  21 

1  1 


3 
3 


^ 


B 

12004 

Ft.    in. 


2 
aO 


1 


1      6 


3 
3 


?! 


c 

12005 
Ft.    in. 


2 
aO 


3 
3 


} 


f 


D 

12006 

Ft.    in 

aO      li 

•  •  •  • 

2  3 
aO      1 

•  •  •  • 

1     6 

3  IH 
3     0 


B 
12097 
Ft,    in. 

0  ^ 
Streak. 

1  11 
aO      1| 

«  •  •  * 

1      3J 

3      7\ 
3      6| 


a  Not  included  in  sample. 

Section  A  (sample  12093)  was  measured  at  the  face  of  right  entry  3,  off  the  main 
entry,  1,400  feet  southwest  of  the  mine  mouth. 

Section  B  (sample  12094)  was  measured  10  feet  from  the  face  on  the  rib  of  right 
entry  4,  off  the  main  entry,  1,700  feet  southwest  of  the  mine  mouth. 

Section  C  (sample  12095)  was  measured  at  the  face  of  left  entry  3,  off  the  main  entry, 
1,680  feet  northeast  of  the  mine  mouth. 

Section  D  (sample  12096)  was  measured  at  the  ^e  of  the  main  heading,  2,000  feet 
north  of  the  mine  mouth. 

Section  E  (sample  12097)  was  measured  at  the  face  of  room  12,  off  right  entry  2, 
off  the  main  entry. 

A  composite  sample  was  made  by  combining  face  samples  12093  to  12097,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
12098. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  broken  down 
with  FFFF  black  powder.  Dynamite  was  used  for  brushing  the  roof  and  floor. 
There  was  one  loading  track  with  a  capacity  of  18  empty  and  15  loaded  cars.  Pickers 
were  employed  on  the  car  in  loading.    The  mine  had  a  capacity  of  550  tons  a  day. 

Brisbin.    Lbnorb  No.  1  and  No.  2  Mines. 


Sample. — ^Bituminous  coal;  Windber  field;  analyses  Nos.  12044,  12045,  12046,  and 
12047  (p.  86). 

Mines. — Lenore  No.  1  and  Lenore  No.  2,  drift  mines  in  the  Clearfield  district,  1  mile 
southwest  of  Brisbin,  on  the  Pennsylvania  Railroad. 
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Coal  bed. — ^Upper  Freeport  or  £.  Caiboniferous  age,  Allog^eny  fonnfttion.  Aver- 
age thickneaB  of  coal  mined,  3  feet.  Roof,  smooth  sandstone;  above  the  sandstone  is  a 
second  cap  rock.    Floor,  smooth,  hard,  dark  fire  clay. 

The  coal  bed  was  measured  and  sampled  at  one  point  in  No.  1  mine  and  at  two 
points  in  No.  2  mine  by  P.  M.  Riefkin  cm  April  17, 1911,  as  described  below:  ' 

Sectiom  of  coal  bed  in  Lenore  No.  1  and  No.  t  minti. 


Section 

Laboratory  No 

Roof,  shale. 

Coal 

MoUiercoaL 

Coal 

Coalflutfd 

Floor,  hard,  dark  fkre  olay. 

Thickness  of  bed 

ThicknesB  of  coal  sampled 


A 

B 

12044 

12046 

FL   in. 

Ft.   *m. 

0  6i 

•  •    •• 

Streak. 

•  •     •  • 

1  11 
0  8 

%  3 

2  74 
2  7} 

2  7 
2  7 

c 

12046 
Ft.   to. 


2     2i 
0     4 


2 
2 


SI 


Section  A  (sample  12044)  was  measured  at  the  face  of  left  heading  3,  off  No«2  drift. 

Section  B  (sample  12045)  was  measured  at  the  face  of  left  heading  2,  off  No.  2  drift 

Section  G  (sample  12046)  was  measured  at  the  face  of  left  heading  1,  off  the  main 
heading  off  No.  1  drift. 

Notts. — ^At  the  time  of  sampling  the  coal  at  these  mines  was  undercut  by  hand  and 
shot  down  with  FFFF  black  powder.  Both  mines  load  coal  over  the  same  tipple. 
There  was  one  loading  track  with  a  capacity  of  10  empty  and  10  loaded  cars.  All  of 
the  coal  was  shipped  as  run-of-mine.  Pickers  were  employed  cm  the  can  in  loading. 
The  mines  were  equipped  to  produce  200  tons  a  day,  witii  an  average  daily  output 
of  150  tons,  all  from  advance  workings.  There  was  approximately  300  acres  of  un- 
mined  coal  tributary  to  these  entries.    The  two  mines  are  equipped  as  a  single  mine. 

Madbra.    Buchbr  Mine. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Noe.  12376,  W20435, 
W20436,  W20437,  W20438,  and  W20439  (p.  86). 

Mine. — ^Bucher,  a  drift  mine  in  the  Clearfield  district,  2  miles  north  of  Madera,  on 
the  Pennsylvania  Railroad. 

Coal  bed. — Lower  Kittanning  or  B.  Carboniferous  age,  Allegheny  formation.  Aver- 
age thickness,  3  feet  6  inches.  The  roof,  a  dark  shale,  is  overlain  by  cannel  coal  2  feet 
thick,  above  which  is  a  sandstone  cap  rock.  The  floor  is  a  hard  shale  1  to  2  feet  thick, 
underlain  by  a  hard,  rough  clay  about  10  feet  thick. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  H.  I.  Smith  on  June 
9, 1911,  as  described  below  : 

Sections  of  coal  bed  in  Bwher  mine. 


Sectioo 

Laboratory  No 

Roof,  saiMUtone,  cannel  ooal,  and  dark  shale. 

Coal 

Bonyooal 

llotbercoal 

Goal 

Qumelooal 

Goal 

*<  Mining  slate" 

Goal 

•'Suhihiir" 

Goal. 


Floor  shale  and  fire  day. 
Thickness  of  bed. 


ThidmesB  of  coal  sampled . 


A 

W90«36 
Ft:  in. 


«  0     3 


0  7 

0  1 

0  m 

«0  I 

0  2 

•  •  •  • 

>  H 

3  l\ 

2  11 


B 

waoiw 

FL    in. 

•  •        •  • 

•  0       J 


0 

0 

0 

•0 


11 
1 

i 


1      4 

3     3 
3     3| 


C 
WXMS? 

FL    in. 

•  •         •  • 

•  0     1 

*  •         •  • 

0  11 

0  1 

0  11 
ntrsali 
0 
0 

0  10 


3 


3     3 
3      3 


D 
W30438 
FL   in. 

1       « 


0 
0 

•  0 
«0 

•  0 
1 


1 

i 

I  n 


B 

W30430 
FL   in. 
0     8i 


0  1 

0  10 

•  0  1 
0 
0 

0  11 


i  !l 


•  Not  indnded  in  sample. 
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Section  A  (sample  W20435)  was  measured  at  the  face  of  ninth  left  entry,  off  first  cross 
heading,  3,400  feet  northeast  of  the  mouth  of  the  main  entry. 

Section  B  (sample  W20436)  was  measured  at  the  face  of  eighth  right  heading,  3,800 
feet  northeast  of  Uie  mouth  of  the  main  heading. 

Section  C  (sample  W20437)  was  measured  at  the  face  of  tenth  right  heading,  4,500 
feet  northeast  of  the  mouth  of  the  main  entry. 

Section  D  (sample  W20438)  was  measured  at  the  face  of  seventh  left  heading, 
3,000  feet  northeast  of  the  mouth  of  the  main  entry. 

Section  £  (sample  W20439)  was  measured  at  the  face  of  seventh  right  heading, 
3,200  feet  northeast  of  the  mouth  of  the  main  entry. 

A  composite  sample  was  made  by  combining  face  samples  W20435  to  W120439,  inclu- 
sive. The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory 
No.  12376. 

NoUa. — ^At  the  time  of  sampling  the  coal  was  undercut  with  machines  and  broken 
down  with  black  powder.  There  were  no  screens,  the  entire  output  being  shipped  as 
nm-of-mine.  Pickers  were  employed  on  the  cars  in  loading.  There  was  one  loading 
track  at  the  tipple  with  a  capacity  of  about  40  cars.  The  mine  had  a  capacity  of  400 
tons  a  day  and  an  average  daily  output  of  250  tons,  of  which  the  larger  part  was  from 
advance  workings.  There  was  approximately  600  acres  of  unmined  coal  tributary  to 
this  opening. 

Maobba.    Morgan  Run  Mine. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  12368,  W20402, 
W20403,  W20404,  W20405,  and  W20406  (p.  87). 

Mine. — ^Morgan  Run,  a  drift  mine  in  the  Clearfield  district,  1  mile  east  of  Madera  on 
the  Pennsylvania  Railroad. 

Coal  bed. — Lower  Kittanning  or  B.  Oarboniferous  age,  Allegheny  formation.  Aver- 
age thickness,  3  feet  6  inches.  The  roof,  a  hard,  dark,  smooth  shale,  is  overlain  by  2  feet 
of  cannel  coal;  above  the  cannel  is  sandstone.    Floor,  shale,  underlain  by  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  H.  I.  Smith  on  June8, 
1911,  as  described  below: 

Sections  of  coal  bed  in  Morgan  Run  mine. 


86CtiOD.. « 

LabontoivNo 

Roof,  sandstone,  cannel  ooal,  and  shale. 

OoaL : 

"8aft)hur" 

Ooal 

Mother  ooaL 

OBonelcoal 

"SuftAur" 

Ooal 

OBonelcoal 

"Binder  slate" 

Coal 

"Binder  slate" 

Coal 

"Snta^ur" 

Coal 

"Sulphur"  baU 

Ooal 

Bony  coaL 

Floor,  shale. 

Tnioknessofbed 

Thickncas  of  coal  sampled 


A 

B 

C 

D 

Wa04(B 

W2(M03 

W20404 

waoios 

Ft.  in. 

Ft,  in. 

Ft.  in. 

Ft.  in. 

1       i 

0     H 

0     2i 

0     3 

Streak. 

Streak. 

Streak. 

Streak. 

0     3^ 

0     2 

0     9 

0     3i 

0     1 

•  •        •  • 

•  ■        •  • 

•  •        •  • 

•  •        •  • 

0     2} 

•  •             m  » 

•  •        •  • 

*  •        «  ■ 

•  •         *  • 

Streak. 

aO       i 

0     7 

0      3 

•  ■        •  • 

0      6 

•  •         •  * 

•  •         ■  ■ 

0     U 

0      I 

•  0       f 
0     3} 

aO       1 

Streak. 

Streak. 

0      & 

1     3 

0    10 

Streak. 

a  0      1 

Streak. 

a  0     I 

0     2 

0      4 

0     4 

0    10 

Streak. 

Streak 

•   •               w   • 

Streak. 

0     3 

•  •        «  • 

•  •          *  « 

0     4 

•S     7| 

i    6 

a  0       4 
0    lOi 

•  •        •  • 

•  •        •  • 

..         .- 

•  •      •  • 

0      1 

0       } 

I     n 

3     3i 

3  y 

3      7f 
3      7| 

3     6| 
3     3} 

E 
W20406 
Ft.  in. 

0     9 
Streak. 

0     4 

*  •        *  • 

0     1 

0  ii 

0     1 
•  0     1 

1  3i 


3 
3 


n 


a  Not  inohided  in  sample. 

Section  A  (sample  W20402)  was  measured  at  the  face  of  south  entry  4,  off  right 
entry  6. 
Section  B  (sample  W20403)  was  measured  at  the  face  of  east  entry  3,  off  right  entry  5. 
Section  C  (sample  W20404)  was  measured  at  the  face  of  south  entry  3,  off  ri^^t  entry  5.  ^ 
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Section  D  (sample  W20405)  was  measured  at  the  face  of  south  entry  1,  o£f  right 
entry  5. 

Section  £  (sample  W20406)  was  measured  at  the  ^ce  of  the  main  heading. 

A  composite  sample  was  made  by  combining  ^ce  samples  W20402  to  W20406,  inclu- 
sive. The  resulta  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory 
No.  12368. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  broken  down 
with  black  powder.  There  was  one  loading  track  at  the  tipple  with  a  capacity  of  16 
empty  and  16  loaded  cars.  Pickers  were  employed  on  the  cars  in  loading.  The 
mine  was  equipped  to  produce  400  tons  a  day;  the  average  daily  output  was  380 
tons.    The  unmined  area  was  approximately  500  acres. 

MORRISDALE.      M0BRI8DALE  No.  1,  No.  2,  AND  No.  3  MiNBS. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  12072  to  12082,  inclu- 
sive, and  12090  and  12092  (pp.  87,  88). 

Mines. — ^Morrisdale  No.  1,  Morrisdale  No.  2,  and  Morrisdale  No.  3  shaft  mines,  each 
about  130  feet  deep,  in  the  Clearfield  district,  1  mile  south  of  Morrisdale,  on  the  New 
York  Central  &  Hudson  River  Railroad  and  the  Pennsylvania  Railroad. 

Coid  beds. — Lower  Kittanning  or  B,  and  the  Middle  Kittanning  or  C.  Carbon- 
iferous age,  Allegheny  formation.  The  coal,  as  mined,  has  an  average  tlyckness  of  4 
feet  6  inches  in  the  C  bed,  and  about  3  feet  6  inches  in  the  B  bed.  The  roof  of  both 
beds  is  a  sandy  shale;  the  floor  is  a  hard  fire  clay  with  smooth  surface.  The  B  bed 
was  measured  and  sampled  at  three  pbints  in  No.  1  mine  and  at  three  in  No.  3  mine 
and  the  C  bed  at  two  points  in  No.  1  mine  and  at  two  in  No.  2  mine  by  P.  M.  Riefkin 
on  April  20  and  21,  1911,  as  described  below: 

Sections  of  B  bed  in  Morrisdale  mines. 


Mine 

Seotkm 

Laboratory  No 

Roof,  shale. 

Topooal 

Coal 

"Sulphur" 

Coal 

Bone 

Bony  coal 

Coal. 

"Sulphur" 

Coat 

"Sulphur" 

CoaL 

Floor,  hard  day. 

Thickness  of  bed 

Thioknees  of  eoal  sampled. 


Shaft  No.  1. 


A 

12074 
Ft.  in. 

•8  4 

Streak. 
0 


1 


4 
1 


0 

'  0 

1 

0   4 

Streak. 
0    10 


B 
ia075 
Ft.  in. 
0       4 
0 

ao 
0 

ao 

a  0 
1 


6 

4 

3      91 


0 
1 


C 
12061 
Ft.  in. 


Shaft  No.  3. 


D 

12070 

Ft.  in. 

aO       i 

0     6 


ao 
«0 

2 
ao 

0 


i 


6 
2 


J 


10 


3      6 


E 
12077 
Ft.  in. 
0       i 

0     8 


3      8 
2    11} 


F 
12078 
Ft.  in. 

a  0      1 

0    H 


oO 

•  • 

2 


7 
8 


3    lOi 
3      2{ 


a  Not  included  in  sample. 

Section  A  (sample  12074)  was  measured  at  the  face  of  the  main  heading,  5,240  feet 
from  the  bottom  of  shaft  No.  1. 

Section  B  (sample  12075)  was  measured  at  the  face  of  room  13,  of!  eighth  right 
heading  of!  the  main  heading,  5,040  feet  from  the  bottom  of  shaft  No.  1. 

Section  0  (sample  12081)  was  measured  at  the  face  of  room  45,  off  fourth  right 
entry,  off  the  main  heading,  5,200  feet  from  the  bottom  of  shaft  No.  1. 

Section  D  (sample  12076)  was  measured  at  the  fBce  of  room  5,  off  first  left  head- 
ing, off  new  slope  tunnel,  1,400  feet  from  shaft  No.  3. 

Section  E  (sample  12077)  was  measured  at  the  face  of  shaft  No.  2  heading,  main  dip, 
5,500  feet  from  shaft  No.  3. 

Section  F  (sample  12078)  was  measured  at  the  face  of  the  Morrisdale  heading,  6,300 

9t  from  diaft  No.  3. 
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A  composite  sample  was  made  of  face  samples  12074, 12075,  and  12081.  The  results 
of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  12090. 

A  composite  sample  was  also  made  of  face  samples  12076,  12077,  and  12078.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  12092. 

Sections  of  C  bed  in  Morrisdale  mines. 


Mine : 

Section 

Laboratory  No 

Roof,  shale. 

Top,  bony  ooaL 

CoaL 

Mother  coal 

CoaL 

"Sulphur" 

Coal,  gray 

Coal 

Coal,  gray 

Ckjal 

Shale 

Mother  ooal 

Coal 

Bony  ooal 

Coal 

Bottom  coaL 

Fkxff.  fire  clay. 

Thickness  of  bed 

Thickness  of  ooal  sampled 


Shaft  No.  2. 


Shaft  No.  1. 


A 

12072 
Ft.  in. 
0    li 


2  lU 

0  1 

0  4\ 

0 

0  », 

oO  1 

0  6 


4    1(H 
4      9 


B 
12073 
Ft.  in. 

0    2 


1  7i 

>  ■  •  • 

0  2i 

2  0 


«0    1 

4    1 
4    0 


C 
12079 
Ft.  in. 
oO 


n 


1  7 
0  i 

•  •  •  • 

2  5i 


5    0 

4    8J 


D 
12080 
Ft.  in. 
Streak. 

0  6 

?  .» 

6    i 

1  3i 
0      1 
0    10 

«o     i 


0 
0 
0 


i 


4      6 
4      61 


oNot  included  in  sample. 

Section  A  (sample  12072)  was  measured  at  the  face  of  the  sixth  heading,  4,500  feet 
from  the  bottom  of  shaft  No.  2. 

Section  B  (sample  12073)  was  measured  at  the  face  of  room  9,  off  the  second  left 
heading,  off  Lucky  strike,  2,200  feet  from  the  bottom  of  shaft  No.  2. 

Section  C  (sample  12079)  was  measured  at  the  foce  of  the  sump  heading,  3,100  feet 
from  shaft  No.  1. 

Section  D  (sample  12080)  was  measured  at  the  face  of  the  McEinley  heading  off 
Truck  main  heading,  5,850  feet  from  the  bottom  of  shaft  No.  1. 

A  composite  sample  was  made  by  combining  face  samples  12072  and  12073.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  12091. 

A  composite  sample  was  also  made  by  combining  face  samples  12079  and  12080. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
12082. 

Ndte9, — At  the  time  of  sampling  the  coal  was  undercut  with  air  punchers  and  shot 

down  with  black  powder.    There  were  foiur  loading  tracks  at  the  tipple  with  a  capacity 

of  120  empty  and  160  loaded  railroad  cars.    The  entire  production  was  shipped  as  run- 

of-mine;  pickers  were  employed  on  the  cars  in  loading.    The  mine  was  equipped 

to  produce  about  2,700  tons  a  day  and  had  a  daily  output  of  2,240  tons.    About  75  per 

cent  of  the  coal  was  derived  from  advance  workings.    It  was  planned  to  increase  the 

production  about  600  tons  at  an  early  date.    There  was  approximately  4,000  acres  of 

unmined  coal  tributary  to  these  shafts.    All  of  the  mines  loaded  coal  over  the  same 

tipple. 

MuNSON.    Colorado  No.  5  Mine. 

Sample, — Semibituminous  coal;  Windber  field;  analyses  Noe.  12109, 12110,  12111, 
12112, 12113,  and  12114  (pp.  88,89). 

Mine. — Colorado  No.  5,  a  drift  mine  in  the  Clearfield  district,  at  Munson,  on  the 
New  York  Central  &  Hudson  River  Railroad. 

Coal  bed. — Lower  Kittanning  or  B .  Carboniferous  age,  Allegheny  formation.  Aver- 
age thickness,  4  feet.  Roof,  shale;  floor,  fire  clay.  Particles  of  the  roof  or  floor  did 
not  beonne  mixed  with  the  coal  in  mining. 
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The  bed  was  measured  and  sampled  at  h\e  points  in  the  mine  by  H.  I.  Smith  on 
April  22,  1911,  as  described  below: 

Sections  of  coal  bed  in  Colorado  No.  5  mine. 


Sectkm 

Laboratory  No. 
Roof,  shale. 

Top  coal... 

Goal,  honj . 

Coal,  gray. 

Coal 

Coal,  gray. 

OoalL. 

Coal,  gray.. 

Coal 

"Sulphur". 
.  Coal 


Floor,  Are  clay. 

Thiclniessofhed. 


Thickness  of  coal  sampled . 


A 

12109 
Ft.   in. 
aO     9 
aO      4 

1      0 


2     0 
Streak. 


4      1 

3     0 


B 

12110 

Ft.    in. 

oO     9| 

aO      3 

1      ^ 


1    10| 
Streak. 
0     1 

4      2J 
3      2 


2  0 

0  i 

0  3 

3  2} 


D 

12112 

Ft.    in, 

•  0     7} 

aO     6 

0     6} 


0 
0 
0 
0 
3 


1 

ii 

1 


Streak. 

0    U 

4     3J 
3     2 


E 
12113 
Ft.    in. 
•0     9} 


aO 
0 
0 
0 


3 

8 
3 
1 


1  8 

?  I 

4  101 

3  91 


a  Not  Included  In  samite. 

Section  A  (sample  12109)  was  measured  at  the  ^e  of  sixth  left  entry,  o£f  the  line 
heading. 

Section  B  (sample  12110)  was  measured  at  the  ^e  of  eighth  left  entry,  off  the  main 
heading,  3,000  feet  from  the  drift  mouth. 

Section  0  (sample  12111)  was  measured  at  the  face  of  the  main  heading,  3,600  feet 
from  the  drift  mouth. 

Section  D  (sample  12112)  was  measured  at  the  face  of  the  line  heading. 

Section  E  (sample  12113)  was  measured  at  the  face  of  sixth  left  heading,  off  the 
main  heading. 

A  composite  sample  was  made  by  combining  feice  samples  12109  to  12113,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  12114. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  by  chain  machines  in  the 
lower  part  of  the  bed  and  broken  down  with  black  powder.  At  the  tipple  were  two 
loading  tracks  with  a  capacity  of  20  empty  and  15  loaded  cars.  The  can  were  shifted 
twice  daily  by  the  railroad  company.  The  coal  was  hand  picked  wherever  necessary. 
The  mine  had  a  capacity  of  600  tons,  with  a  daily  output  of  350  tons,  derived  prin- 
cipally from  advance  workings. 

OscBoiA  Mnxs.    Fairmount  No.  2  Mjnb. 

Sample. — Semibituminous  coal;  Windber  field;  anal3r8es  Noe.  W17010  and  W17012 
(p.  89). 

Mine. — Fairmount  No.2,  a  drift  mine  in  the  Clearfield  district,  3  miles  west  of  Osceola 
Mills  on  the  Pennsylvania  Railroad. 

Coal  bed. — Lower  Freeport  or  D.  Carboniferous  age,  Allegheny  formation.  Thick- 
ness, 5  to  6  feet.    Roof,  bone;  floor,  shale  underlain  by  fire  clay. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  P.  M.  Riafldn  on 
January  23, 1911,  as  described  below: 

Sections  of  coal  bed  in  Fairmount  No.  t  mine. 


Sectkm 

Laboratory  No 

Roof,  boDo. 

Coal 

Mother  coil 

"Sulphur" 

coal 

"Sulphur" 

Coal 

^loor.  shale. 

Thfcknen  of  bed , 

Thfckness  of  coal  sampled 


A 
W17010 
Ft.    in. 

0       { 

•  •  •  • 

0    7} 

6      1 
6      1 


B 
W17013 
Ft,    in, 

•  •  •  • 

0  i 

1  « 

TraoQ. 


5 
6 


1} 
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Section  A  (sample  W17010)  was  measured  at  the  face  of  room  5,  o£f  second  left 
heading. 

Section  B  (sample  W17012)  was  measured  at  the  ^e  of  room  14,  oft  eighth  right 
heading. 

A  composite  sample  was  made  by  combining  face  samples  W17010  and  W17012. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
17111. 

iVbtM. — ^At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  shot  down 
with  black  powder.  There  were  no  screens  at  the  tipple,  the  entire  output  being 
shipped  as  run-of-mine.    The  average  daily  output  was  about  300  tons. 

Philipsburg.    Guion  Mine. 

Sample, — Semibitimiinous  coal;  Windber  field;  analyses  Nos.  12367,  W20369, 
W20370,  W20371,  W20372,  and  W20373  (p.  89). 

Mine, — Guion,  a  drift  mine  in  the  Clearfield  district,  2  miles  west  of  Philipsbuig 
(Center  County)  on  the  Pennsylvania  Railroad. 

Coal  bed, — ^Miller,  B ,  or  Lower  Eittanning.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  3  feet  4  inches.  Roof,  black  shale  1  foot  thick,  overlain  by  roof 
coal  1  foot  thick;  above  the  roof  coal  is  a  sandstone  cap  rock.  Floor,  a  hard  sulphur- 
bearing  rock  8  inches  thick,  underlain  by  soft  smooth  fire  clay. 

The  bed  was  measured  and  sampled  at  ^\o  points  in  the  mine  by  H.  I.  Smith  on 
June  7, 1911,  as  described  below: 

Sections  of  coal  bed  in  Guion  mine. 


Sectkm 

Laboratory  No 

Roof,  sandfltone,  roof  ooal  and  black  ahale. 

Coal,  bony 

Goal  witli  flakes  of  salphtir  on  *'slipe". 

C5oal 

Ck)al,hard 

Sbale 

Coal 

"Salphur" 

Cannelooal 

Coal,  bard 

Coal,  soft,  fibrous 

"Sulphur" 

Coal 

Floor,  sulpbur-bearing  rock  and  fire  clay. 

TnlcknesBofbed 

Thickness  of  coal  sampled 


A 
W20309 
Ft,   in. 
0      9 


0  8 

1  *6 
d      '2i 


3       U 
3       l| 


B 
W20370 
Ft,    in. 


1 
0 

*  • 

1 

d 


2 
2 

8 

2 


3      2 
3      2 


C 
W20371 
Ft,   in, 
aO     2i 
aO      4} 


0    10| 
0    11 
Streak. 
0     7 

8     4 
2     8 


D 
W20372 
Ft,    in. 


0 
1 
0 

1 

0 


5 
6 

•  • 

4 


3 
3 


n 


E 
W20373 
Ft.    in, 
aO     2^ 

•  ■         •  • 

0     5 

«d    1 

0     6 


0     8 
0     9 


nl 


3 
3 


a  Not  included  in  sample. 

Section  A  (sample  W20369)  was  measured  at  the  face  of  first  oght  heading,  off  right 
entry  2,  4,000  feet  from  the  mine  mouth. 

Section  B  (sample  W20370)  was  measured  at  the  face  of  second  right  heading,  4,000 
^eet  from  the  mouth  of  the  main  entry. 

Section  C  (sample  W20371)  was  measured  at  the  foce  of  the  back  heading,  off  right 
entry  1,  2,500  feet  from  the  mouth  of  the  main  entry. 

Section  D  (sample  W20372)  was  measured  50  feet  from  the  face  of  first  left  heading, 
off  right  entry  2. 

Section  E  (sample  W20373)  was  measured  at  the  face  of  first  left  heading,  off  right 
entry  1,  about  2,200  feet  from  the  mouth  of  the  main  entry. 

A  composite  sample  was  made  by  combining  face  samples  W20369  to  W20373.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  12367. 

Notes, — At  the  time  of  sampling  the  coal  was  undercut  with  machines  and  shot 
down  with  black  powder.  There  was  one  loading  track,  with  a  capacity  of  about  25 
cars.  There  were  no  screens,  the  entire  output  being  shipped  as  run-of-mine.  The 
mine  had  a  capacity  of  300  tons  a  day,  and  an  average  daily  output  of  about  250  tons. 
An  increase  in  the  production  to  900  tons  a  day  was  contemplated.  There  was 
approximately  300  acres  of  unmined  coal  tributary  to  this  opening. 

47664'— BUlL  8&— 14 ^20 
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Smokb  Run.    Viola  Mine. 

Sample, — Semibituminous  coal;  Windber  field;  analyses  No.  11748,  11749,  11750, 
11751,  W18355,  W18356,  W18357,  W18358,  and  W18359  (pp.  89,90). 

Mine. — Viola,  a  slope  mine  in  Gulic  Township,  Clearfield  district,  3}  miles 
southeast  of  Smoke  Run,  on  the  Little  Muddy  Run  branch  of  the  Pennsylvania 
Railroad. 

Coal  bed. — Lower  Kittanning,  Miller,  or  B.  Carboniferous  age,  Allegheny  forma- 
tion. Average  thickness,  about  5  feet  4  inches.  The  bed  is  practicaUy  level.  Roof, 
''draw  slate"  18  inches  thick,  overlain  by  sandstone;  floor,  hard  smooth  fire  clay. 
Cover,  100  to  125  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  L.  M.  Jones  on 
February  23,  1911,  as  described  below: 

Sections  of  coal  bed  in  Viola  mine. 


Section 

Laboratory  No , 

Roctf.  sandstone. 

Coal,  soft  and  coarse 

Coal,  soft  and  fine 

Coal,  bony 

Coal 

Coal,  bony 

Coal,  soft  and  fine 

Bone  (local) 

"  Sulphur  "  band 

Coal,  soft 

"Sulphur"  band 

Coal,  soft  and  dirty 

Floor,  fin*  clay. 

Thickness  of  bed 

Thickness  of  coal  saoipled . 


A 

B 

11748 

11749 

Ft.  in. 

FL  H, 

0     5 

•  •         •  • 

1      4 

1      4 

•  •         •  « 

0      i 

•  •        •  • 

0      4 

aO    10 

oO    10 

2     8 

0    10 

•  •         •  • 

S  4 

a  6    "l 
0    11 

•  •       •  • 

aO 

..    .. 

0      7 

5     8 

J    \ 

4    10 

c 

11750 
FL  tn. 
0    10 
0     7 


ol     0 
2 


1 


0      7i 


J  Jl 


a  Not  included  in  sample. 

Section  A  (sample  11748)  was  measured  near  the  face  of  ninth  left  heading  beyond 
room  18,  1,300  feet  from  the  main  haulage  way. 

Section  B  (sample  11749)  was  measured  at  the  face  of  the  second  slant  to  the  right 
near  room  3. 

Section  C  (sample  11750)  was  measured  at  the  face  of  the  main  entry,  4,750  feet 
southwest  of  the  mine  mouth. 

A  composite  sample  was  made  by  combining  face  samples  11748,  11749,  and  11750. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
11751. 

The  bed  was  also  measured  and  sampled  at  five  points  in  the  mine  by  P.  M.  Riefkin 
on  March  7,  1911,  as  described  below: 

Sections  of  coal  bed  in  Viola  mine. 


Beotion 

Laboratorv  No 

Roof,  sandstone. 

Coal 

"Sulphur" 

Coal 

Soft  bone 

Coal,  bony 

Q)^ 

" Blue  binder"' '.* .".*!.*.*!.*!! 

Coal 

"Sulphur" 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled , 


A 

B 

W18356 

W183M 

Ft.  in. 

FL  in. 

1    7 

•  •         •  • 

1     7J 

•  •        •  • 

aO    3* 

0      4i 

•  0    8 

0     « 

•  •         •  • 

0  m 

•  •         •  • 

aO 

2    2 
0 
0    7} 

aO 
0      4 

U 

5     0 
4    11 

c 

W18357 

FL   in. 

1    7| 


oO    3 
aO    9 


2 
0 
0 


5?l 


D 
W18358 

FL  in. 

0 

0 

0 
aO 

0 


H 


1 


2      2 
0      4 


I 


4    101 


E 
W183a9 
Ft.   in. 
1    3] 
0 
0 
oO 
•  0 


4 

6 


1  10 
oO    1 
0    4i 

5    0 
4    1 


o  Not  included  in  sample. 


PENNSYLVANIA:  HUNTINGDON  COUNTT. 


297 


Section  A  (sample  W18355)  was  measured  at  the  face  of  tenth  left  entry,  100  feet  from 
room  12. 

Section  B  (sample  W18356)  was  measured  near  the  face  of  the  third  slant  entry, 
100  feet  above  room  1. 

Section  C  (sample  W18357)  was  measured  near  the  face  of  left  heading  9. 

Section  D  (sample  W18358)  was  measured  at  the  face  of  the  main  entry,  4,800  feet 
southwest  of  the  mine  mouth. 

Section  £  (sample  W18359)  was  measured  at  the  face  of  the  second  slant  entry,  100 
feet  above  the  third  slant  entry. 

Notes. — ^The  double-entry  room-and-pillar  system  of  mining  is  employed.  At  the 
time  of  sampling,  the  coal  was  undercut  by  hand  and  shot  down  with  FFF  black  powder. 
There  was  one  loading  track  at  the  tipple  with  a  capacity  of  20  empty  and  17  loaded 
cars.  There  were  no  screens,  the  entire  production  being  shipped  as  run-of-mine. 
Pickers  were  employed  on  the  cars  in  loading.  The  average  daily  output  was  about 
550  tons.    There  was  800  acres  of  unmined  coal. 

HUNTINaDON  OOTJlTrY. 

ROBERTSDALB.   ROBBRTSDALE  MiNE. 

Sample. — Semibituminous  coal;  Broad  Top  field;  analyses  Nos.  12115, 12116, 12117, 
12118,  12119,  and  12120  (p.  90). 

Mine, — Robertsdale,  a  slope  mine  in  the  Broad  Top  district,  at  Robertsdale,  on 
the  East  Broad  Top  railroad,  with  connections  to  the  Pennsylvania  Railroad  at  Mount 
Union. 

Coal  bed, — Fulton,  Lower  Xittanning,  or  B.  Carboniferous  age,  Allegheny  forma- 
tion. Average  thickness,  5  feet.  Roof,  dark,  smooth  shale;  floor,  hard,  smooth  fire 
clay. 

The  bed  was  measured  and  sampled  at  hve  points  in  the  mine  by  H.  I.  Smith  on 
April  25,  1911,  as  described  below: 

Sections  of  coal  bed  in  Robertsdale  mine. 


Section 

Laboratory  No 

Roof,  shale. 

Bone  and  shale 

Coal 

Coal,  bony 

Coal 

Coal,  bony 

Coal 

Coal,  gray v 

Coal 

"Ifiddlerock" 

Coal 

Bone  and  coal 

Coal 

''Sulphur"  uid  bone 

Coal ~ 

Bone  and  "sulphur" 

Floor  hard  lire  day. 

Tliickness  of  bed 

Thickness  of  coal  sampled . 


A 

B 

C 

D 

12115 

12116 

12117 

12118 

Ft.    in. 

Ft.   in. 

FL    in. 

Ft.    in. 

aO      H 

aO      8 

aO      6 

aO     1 

1      4 

0      2 

0      6 

1     9 

oo     1 

aO        i 

aO      1 

.. 

0     21 
aO      ^ 

0      2 

0      2 

•  •    •  > 

aO       i 

0      1 

•  •    • . 

0      8 

0      8 

1      1 

•  •    . . 

0      h 

0    11 

0      i 
0    11 

0  i 

1  0 

0  4 

al      I 

aO      8 

aO      6} 

aO      5 

»  «         •  • 

•  »         ■  • 

0      1 

aO      2 

aO      2 

aO      2 

oO      2 

I      2t 
aO      1 

I  1 

1      4 
aO      1 

0      6 

0     7 

•  •         •  ■ 

0      5 

•  •         •  • 

aO       i 

•  •         •  • 

oO     3 

;  n 

6      4 
3      9 

s  Jl 

5     3 
4      3 

E 
12119 
Ft.    in, 

0      8 


®  i 

0  3} 

•  •  •  • 

1  i 

aO  6 


aO 
1 
0 
0 

oO 

3 
3 


1 
0 

1 

^11 


a  Not  included  in  sample. 


Section  A  (sample  12115)  was  measured  at  the  face  of  north  heading  6. 
Section  B  (sample  12116)  was  measured  at  the  foce  of  the  main  west  heading. 
Section  G  (sample  12117)  was  measured  at  the  foce  of  south  heading  6. 
Section  D  (sample  12118)  was  measured  at  the  face  of  south  heading  8. 
Sectbn  E  (sample  12119)  was  measured  at  the  foce  of  south  heading  5. 
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A  composite  sample  was  made  by  combining  fetce  samples  12115  to  12119,  inclusive. 
The  results  of  an  ultimate  analysb  of  this  sample  are  shown  under  laboratory  No, 
12120. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  diot  down 
with  FFFF  and  FFF  black  powder.  At  the  tipple  was  one  loading  track  with  a  ca- 
pacity of  50  empty  and  50  loaded  cars.  All  of  tlie  coal  was  shipped  as  run-of-mine. 
Pickers  were  eihployed  on  the  cars  in  loading.  The  mine  had  a  capacity  of  about 
900  tons  a  day  with  an  average  daily  output  of  825  tons,  two-thirds  of  which  was  from 
advance  workings.  There  was  approximately  500  acres  of  unmined  coal.  The  slope 
is  connected  under  ground  with  the  Woodvale  shaft. 

WooDVALE.    Woodvale  Mine. 

iSfamp^.--Semibituminous  coal;  Broad  Top  field;  analyses  Nos.  12121, 12122, 12123, 
12124,  and  12125  (pp.  90, 91). 

Mine. — ^Woodvale,  a  shaft  mine  in  the  Broad  Top  district  at  Woodvale,  on  the 
East  Broad  Top  railroad,  with  connections  to  the  Pennsylvania  Railroad  at  Mount 
Union. 

Coal  bed. — Fulton,  Lower  Eittanning,  or  B.  Carboniferous  age,  Allegheny  forma- 
tion.   Average  thickness,  5  feet.    Roof,  shale,  overlain  by  sandstone;  floor,  fire  clay. 

The  bed  was  measiured  and  sampled  at  four  points  in  the  mine  by  H.  I.  Smith  on 
April  24,  1911,  as  described  below: 

Sections  of  coal  bed  in  Woodvale  mine. 


Section 

Laboratory  No 

Roof,  shale. 

Coal 

Mother  coal  and  "sulphur" 

Coal 

BoDTOoaL 

Coal 

Bony  coal  and  "sulphur". . 

Coal 

BonyooaL 

CoaL 

"Middle  rook" 

BonveoaL  gray 

"Sulphm^' 

CoaL 

Soft  parting 

Coal 

Bony  coal  and  "sulphur".. 

Coal 

Floor,  fire  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled. . 


A 

B 

c 

12131 

12122 

12123 

Ft    in. 

Ft.    in. 

Ft.    in. 

0      71 

0 

1      7i        1      M 
....        0       J 

0      2 

•  *         •  « 

0     2 

aO 

0      i 

0       1 

0      5 

«  •         •  • 

0    10 

•  •          *  * 

0     9 

•  •         •  * 

0      i 

•  •          •  • 

•  •          •  • 

•  •         •  • 

•  0     1 

0    10 

•  •          •  • 

aO      U 

«0     7 

•  0     7i 

aO      6 

■  •         •  • 

aO      2 

0      1 

•  •         •  • 

oO        1 

•  •         •  • 

■  •         •  • 

1      7J 

0     0 

6'  10* 

•  •         •  • 

'I  il 

aO      1| 
0      4 

3     H 

3     H 

3    111 

D 
12124 
Ft.    in. 

0     7 

0 

0 

0 

0 
•  0 

0 
oO 


i 


1 

0  lOi 

OO      5 
aO      2 


0 

0    1 
0      7 


"t 


t'a 


a  Not  included  in  sample. 

Section  A  (sample  12121)  was  measured  at  the  face  of  first  south  heading. 

Section  B  (sample  12122)  was  measured  at  the  face  of  the  third  south  or  upcreek 
heading. 

Section  C  (sample  12123)  was  measured  at  the  face  of  the  second  west  tunnel. 

Section  D  (sample  12124)  was  measured  at  the  face  of  No.  7  or  Bolinger  heading. 

A  composite  sample  was  made  by  combining  face  samples  12121  to  12124,  inclusive, 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  12125. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  broken  down 
with  FFFF  and  FFF  black  powder.  There  were  two  loading  tracks  at  the  tipple  with 
a  capacity  of  50  empty  and  50  loaded  cars.  The  tipple  was  equipped  with  bar  screens. 
The  entire  output  was  shipped  as  run-of-mine  coal.  Pickers  were  employed  on  the 
curs  in  loading.  The  daily  output  was  600  tons,  which  was  from  both  advance  woric- 
ings  and  from  pillars.  There  was  approximately  800  acres  of  unmined  coal.  This 
mine  is  connected  underground  with  the  Robertsdale  slope  mine. 


PENNSYLVANIA:  INDIANA  COUNTY. 


299 


INDIANA  OOT7NTT. 
Clymbb.    Empire  M  (MgEean)  Mine. 

Sample. — ^Bituminous  coal;  Puiixsutawney  field;  analyses  Nos.  12219,  W19678, 
W19680,  W19682,  W19685,  and  W19687  (p.  91). 

Mine. — Empire  M  (McEean,)  a  drift  mine  1)  miles  n(»th  of  Olymer,  on  the  New 
York  Central  Railroad. 

Coal  bed. — Lower  Eittauning  or  B.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  3  feet.    Roof  hard,  smooth  shale;  floor,  fire  clay. 

The  bed  was  measured  and  sampled  at  hve  points  in  the  mine  by  P.  M.  Riefkin  on 
April  29, 1911,  as  described  below: 

Sections  of  coal  bed  in  Empire  M  (McKean)  mine. 


Section 

Laboratory  No 

Roof,  shale  and  hoaot. 

Coal 

Mother  coal 

Coal 

Canzielcoal 

Coal.-. 

"Sulphur,"  soft.. 

Coal 

"Sulphur/' hard. 

Mother  coal 

Coal 

"Sulphur" 

Mother  coal 

Coal 


Floor,  soft  fire  clay,  smooth. 
TUckneasofbed. 


Thickness  of  coal  sampled . 


A 

B 

C 

D 

W19678 

WI9680 

W196S2 

W19686 

Ft.    In. 

Ft.    In. 

Ft.    In. 

Ft.    In. 

0    II 

4*        •  • 

0    11 

n 

I    0 

•  •         *  • 

0    I 

'6  i'h 

0    4 
0 

•  •        •  • 

0     f 

0    8 

1    0 

0    8 

0    9 

•  •         •  • 

•  •          •  • 

0 

Streak. 

•  •         *  • 

•  •          *  • 

0    4 

0   5^ 

0     i 

0     i 

aO 

•  w             •  • 

•  •         •  • 

?  t 

i  6i 

0    7i 

0    7J 

•  •          •  • 

Streak. 

Streak. 

•  •          •  • 

«  •          •  • 

..  •.. 

•  •        •  • 

0    I 

«  •          •  * 

0    6 

0    4f 

•  •         •  • 

3    2| 

3    2} 

3    2} 

3    2i 

3    3} 
3    3l 

I  3 

E 
W19687 
Ft.  In. 

1     h 


0     I 


0    7i 


8 
3 


a  Not  included  in  sample. 

Section  A  (sample  W19678)  was  measured  at  the  face  of  room  56,  off  right  entry  2,  off 
the  main  entry,  4,000  feet  east  of  the  mine  mouth. 

Section  B  (sample  W196S0)  was  measured  at  the  comer  of  a  crosscut  at  room  40,  off 
right  entry  2,  off  the  main  entry,  3,000  feet  southeast  of  the  mine  mouth. 

Section  C  (sample  W19682)  was  measured  at  the  corner  of  the  pillar  of  room  44,  off 
rig^t  entry  1,  off  the  main  entry,  2,500  feet  west  of  the  mine  mouth. 

Section  D  (sample  W19685)  was  measured  near  the  face  of  the  first  parallel  off  the 
south  heading,  off  right  entry  1,  off  the  main  entry,  2,800  feet  southwest  of  the  mine 
mouth. 

Section  E  (sample  W19687)  was  measured  at  the  face  of  the  third  parallel  off  the 
south  heading,  off  right  entry  1,  off  the  main  entry,  3,000  feet  northwest  of  the  mine 
mouth. 

A  composite  sample  was  made  by  combining  face  samples  W19678,  W19680,  W19685, 
and  W19687.  The  results  of  an  ultimate  anal3rHis  of  this  sample  are  shown  iinder  labor- 
atory No.  12223. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  shot  down  with 
FFFF  black  powder.  All  of  the  coal  was  shipped  as  run-of-mine.  Pickers  were  em- 
ployed on  the  cars  in  loading.  There  was  one  loading  track  with  a  capacity  of  25 
loaded  and  50  empty  cars.  The  mine  was  equipped  to  produce  700  toas  a  day;  the 
average  daily  output  was  360  tons,  a  large  part  of  which  was  from  advance  workings. 
There  was  about  1,200  acres  of  unmined  coal  tributary  to  this  opening. 

Clymbb.    Empibb  R  Mine. 

^onip^f.—BitumiiiouB  coal,  Punxsutawney  field;  analyses  Nos.  12219,  W19679, 
W19681,  W19683,  W19684,  and  W19686  (p.  91). 
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Mine. — ^Empire  R»  a  drift  mine,  1  mile  north  of  Clymer  on  the  New  York  Central 
&  Hudson  River  Railroad. 

Coal  bed. — Lower  Kittanning  or  B.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  3  feet;  cannel  coal  is  persistent  throughout  the  bed.  Roof,  smooth 
shale;  floor,  hard,  smooth  fire  clay. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  P.  M.  Riefkin  on 
April  29, 1911,  as  described  below: 

Sections  of  coal  bed  in  Empire  R  mine. 


Section , 

Laboratory  No 

Roof,  shale  and  bony  coal. 

doal 

"  Sulphur''  and  mother  coal. 

CJoal 

Cannel  coal,  gray , 

Coal 

" Sulphur"  and  mother  ooal. 

Coal 

"Sulphur" 

Mother  ooal 

Coal 

Floor,  hard  fire  day.  smooth. 

Thickness  of  bed 

Thickness  of  ooal  sampled . . . 


A 

W19079 
Ft.  tn. 

2  1 

0     5 

0  I 

0  7 

•  0  i 

0  2 


?  4 


B 
W19881 
Ft.  in. 


0    ?! 


streak. 
1     H 

3     2 
3     2 


C 

W19683 

Ft.  in. 

0     5 

Streak. 

0     7i 

0     1 

0  lU 
Streak. 

•  •        •  • 

1  H 


3 
3 


!I3 


D 
W19684 
Ft.  in. 


i 


0 
0 
0 

0  4 

streak. 
0    I 


1 


0     9| 


E 
W19686 
Ft.  in. 


i  n 


3     *i 


n 


•  Not  included  in  sample. 

Section  A  (sample  W1967^)  was  measured  at  a  cross-cut  at  the  comer  of  room  47, 
off  left  entry  1  off  the  main  entry,  4,700  feet  southeast  of  the  mine  mouth. 

Section  B  (sample  W19681)  was  measured  on  the  pillar  at  room  28,  off  left  entry  2 
off  the  main  entry,  2,200  feet  east  of  the  mine  mouth. 

Section  C  (sample  W19683)  was  measured  at  the  face  of  room  3,  off  right  entry  1  off 
the  main  entry,  1,100  feet  south  of  the  mine  mouth. 

Section  D  (sample  W19684)  was  measured  at  the  face  of  room  11,  off  left  entry  5  off 
the  main  entry,  1,900  feet  southeast  of  the  mine  mouth. 

Section  E  (sample  W19686)  was  measured  near  the  face  of  room  43,  off  left  entry  4 
off  the  main  entry,  3,100  feet  from  the  mine  mouth. 

A  composite  sample  was  made  by  combining  face  samples  W19679,  W19683,  W19684, 
and  W19686.  The  results  of  an  ultimate  analysb  of  this  sample  are  given  under 
laboratory  No.  12219. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  shot  down  with 
FFFF  black  powder.  All  of  the  coal  was  shipped  as  run-of-mine.  Pickers  were 
employed  on  the  cars  in  loading.  There  was  one  loading  track  with  a  capacity  of  24 
empty  and  24  loaded  cars.  The  mine  was  equipped  to  produce  500  tons  a  day  and  had 
a  daily  average  production  of  275  tons.  About  75  per  cent  of  the  coal  was  derived 
from  pillars.  There  was  approximately  235  acres  of  unmined  coal  tributary  to  this 
entry. 

Glen  Campbell.    Indiana  No.  6  Mine. 

Sample. — Bituminous  coal;  Punxsutawney  field;  analyses  Nos.  12102, 12103, 12104, 
12105,  12106,  and  12107  (p.  92). 

Mine. — Indiana  No.  6,  a  drift  mine  at  Glen  Campbell,  in  Montgomery  Township, 
2}  miles  north  of  Huvershurst  Junction  on  the  New  York  Central  A  Hudson  River 
Railroad.  The  mine  is  connected  with  the  main  line  of  the  New  York  Central  by 
the  Huvershurst  d  Southwestern  Railroad. 

Coal  bed. — E  or  Upper  Freeport.  Average  thickness,  about  4  feet  10  inches.  Roof, 
shale ;  floor,  hard ,  smooth  fire  clay.  Cover  at  points  of  sampling,  100  to  225  feet.  The 
bed  was  sampled  at  Ave  points  in  the  mine  by  P.  M.  Rielkin  on  April  25,  1911,  as 
described  on  the  following  page. 
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Seciiom  of  coal  bed  in  Indiana  No.  6  mine. 


Sectkm 

Laboratory  No 

Roof,  shale. 

Goal,  bony 

Coal 

"Sulpbur" 

Mother  coal 

Coal 

Mother  coal 

Coal,  hard 

Coal 

Coal,  bony 

Coal 

Coal,  bony 

Floor,  clay. 

ThioknesBofbed 

ThioknesB  of  ooal  sampled 


A 

B 

C 

D 

12102 

12103 

12104 

12106 

Ft.    in. 

Ft.   in. 

Ft.    in. 

Ft.    in. 

aO    3 

aO      9 

aO      6 

aO      7J 

1    4 

1      8 

1    10 

1      5 

•  •          »  ■ 

•  •          •  ■ 

•  •          •  • 

«0       i 

0     i 

0      i 

0      i 

•  •          •  • 

•  •         •  • 

>  •             mm 

0      3 

■  «          •  • 

•  •          •  • 

0      1 

•  •          •  > 

2    0 

1      9 

•  •          •  • 

•  ■          •  • 

•  •         •  • 

•  •         •  • 

1     6 

2      1 

aO      f 

oO      1^ 

aO      1| 

aO      1 

0    4 

0      5 

0      5 

0      5 

aO    3i 

aO      li 

aO      2i 

aO      1 

4    31 
3    8{ 

4    101 
3    lOi 

4    lU 
4      ij 

4      8} 
3    11 

E 
12106 
Ft.    in, 
aO     5{ 
0     7 


0 
1 
0 

i 

aO 

0 

aO 


li 


a  Not  included  in  sample. 

Section  A  (sample  12102)  was  measured  at  the  face  of  left  heading  7,  off  the  main 
entry,  3,000  feet  northwest  of  the  mine  mouth. 

Section  B  (sample  12103)  was  measured  at  the  face  of  room  10,  off  left  entry  1,  off  the 
main  heading,  1,000  feet  northeast  of  the  mine  mouth. 

Section  C  (sample  12104)  was  measured  on  the  rib  near  the  face  of  room  14  in 
right  heading  7,  off  the  main  entry,  about  2,000  feet  northwest  of  the  mine  mouth. 

Section  D  (sample  12105)  was  measured  at  the  face  of  left  heading  6,  off  the  main 
entry,  about  2,200  feet  southwest  of  the  mine  mouth. 

Section  £  (sample  12106)  was  measured  near  the  face  of  room  1,  off  right  heading  8, 
off  the  main  entry,  about  2,300  feet  northwest  of  the  mine  mouth. 

Notes. — The  mine  is  worked  on  the  room-and-pillar  system.  At  the  time  of  sam- 
pling, FFF  black  powder  was  used  both  for  breaking  the  coal  and  brushing  thereof  or 
floor.  The  coal  was  undercut  by  hand.  The  output  was  350  tons  a  day,  with  a 
capacity  of  550  tons.  About  40  per  cent  of  the  coal  mined  was  from  pillars  and  about 
60  per  cent  from  advance  workings.    There  was  about  100  acres  of  coal  tributary  to 

this  opening.     ^ 

Homer  Grrr.    Tearing  Run  Mine. 

Sample. — Bituminous  coal;  Punxsutawney  field;  analyses  Nos.  12373,  W20428, 
W20429,  W20430,  W20431,  and  W20432  (pp.  92,  93). 

Mine. — Tearing  Run,  a  drift  mine,  1  mile  northwest  of  Homer  City,  on  the  Pennsyl- 
vania Railroad. 

Coal  bed. — E,  or  Upper  Freeport.  Carboniferous  age,  Allegheny  formation.  Roof, 
shale  about  10  to  12  inches  thick,  overlain  by  sandstone;  floor,  hard,  smooth  shale. 
Average  thickness,  5  feet  6  inches.  There  is  a  persistent  binder  of  bony  coal  about  15 
inches  below  the  shale  roof. 

The  bed  was  measured  and  sampled  at  ^ve  points  in  the  mine  by  P.  M.  Riefkin  on 
June  9, 1911,  as  described  below: 

Sections  of  coal  bed  in  Tearing  Run  mine. 


Section 

Laboratorv  No 

Roof,  san(btone  and  gray  shale. 

Coal 

"Sulphur" 

Coal 

Bony  ooal 

Coal 

"BuljAur" 

Coal 

"Sulphnr" 

Mother  ooaL 

Coal 

Floor,  shale. 

Tniclmeseofbed 

Thicknefls  of  ooal  sampled. . 


A 

W20428 

Ft.    in. 

1     3 

aO        f 


1    llj 


0 
0      4 


J 


3  ^ 

3      71 


B 

W20429 
Ft.   in. 

1      3 
aO       I 

0     3 
aO    10 

J  1 


2     0 

5  111 

6  1 


C 
W20430 
Ft.    in. 
1      5| 


aO    11 
1      7f 
Streak. 


2     0 

t  li 


D 
W20431 
Ft.    in. 

1      *i 


2     8 


E 
W20432 
Ft.    in. 

1      6 


1    lU 


6 
6 


4 


«  Not  included  in  sample. 
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Section  A  (sample  W20428)  was  measured  on  the  rib  of  room  10,  o£f  left  entry  1,  o£f 
the  main  heading. 

Section  B  (sample  W20429)  was  measured  at  the  face  of  right  entry  2,  off  the  main 
entry. 

Section  G  (sample  W20430)  was  measured  on  the  rib  near  the  face  of  left  entry  2, 
off  the  main  entry. 

Section  D  (sample  W20431)  was  measured  on  stump  No.  4,  rig^t  entry  1,  off  the 
main  entry. 

Section  E  (sample  W20432)  was  measured  at  the  ''shoo  fly'*  (cut-through),  100 
feet  beyond  left  entry  3,  off  the  main  entry. 

A  composite  sample  was  made  by  combining  face  samples  W20428,  W20429,  W20430, 
and  W20432.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under 
laboratory  No.  12373. 

Note. — ^At  the  time  of  sampling  the  coal  was  undercut  with  machines  and  by  hand, 
and  shot  down  with  FFF  and  FFFF  black  powder.  At  the  tipple  there  was  one 
loading  track,  with  a  capacity  of  17  empty  and  17  loaded  cars.  There  were  no  screens, 
the  entire  output  being  shipped  as  run-of-mine.  Pickers  were  employed  on  the  cars 
in  loading,  llie  mine  had  a  capacity  of  500  tons  a  day  and  an  average  daily  output  of 
about  350  tons,  of  which  the  hu:ger  part  was  from  advance  workings.  An  increase  in 
the  output  to  about  500  tons  was  contemplated.  There  was  approximately  400  acres 
of  immined  coal  tributary  to  this  entry. 

JBFFBBSON  OOT7NTY. 

Stkesvillb.    Syxbsville  Minb. 

Sample. — ^Bitimiinous  (coking)  coal;  Punxsutawney  field;  analyses  Nos.  12455  and 
12458,  and  12457  and  12471  (p.  93). 

Mine. — Sykesville,  a  shaft  mine  1  mile  south  of  Sykesville,  on  the  Bloomsbiug  d 
Sullivan  Railroad. 

Coal  bed. — Lower  Freeport  or  D.  Carboniferous  age,  Allegheny  formation.' 
Average  thickness,  5  feet  6  inches;  dip,  2^  southeast.  The  main  roof  is  a  strong  sand- 
stone which  in  the  south  workings  is  underlain  by  shale.  In  the  north  workings  there 
is  no  shale  and  in  places  the  sandstone  cuts  the  coal  entirely  out  The  immediate 
floor,  a  hard  clay,  is  separated  from  a  sandstone  of  poor  quality  by  4  inches  of  brown 
limestone.    Cover  at  points  of  sampling,  about  300  feet. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine,  and  the  roof  coal 
above  the  bed  was  measured*  and  sampled  at  two  points  by  H.  I.  Smith  and  J.  T. 
Ryan,  on  July  24,  1911,  as  described  below: 

Sections  of  coal  bed  in  Sykesville  mine. 


Section 

Laboratory  No 

Roof,  shale. 

Bony  coal 

Coal 

Cannel-like  bone 

Coal 

Bony  coal 

Coal 

"Mining  sUte" 

Floor,  clay. 

Thickness  of  bed 

Thickness  of  ooal  sampled. 


A 

12455 

FL  in. 

0 
0 

It 

0 

5 

•  • 

0 

•  • 

1 

8 

1 

oO 

1« 

0 

9 

5 

UH 

5 

9 

B 

13458 
Ft.  in, 
0     8 
0     7| 

0  8 

1  II 

0     i 

I      3 

•  0      1 

0     9 


ft    H 

5     7 


•  Not  indoded  in  sample. 

Section  A  (sample  12455)  was  cut  from  the  pillar  at  the  last  cut-through  between 
eighth  left  main  and  the  back  heading,  off  main  south  heading. 

Section  B  (sample  12458)  was  measured  at  the  lace  of  the  third  ri^  butt  heading 
off  the  eighth  left,  off  the  main  south  heading. 
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Sections  of  roof  coal  in  SyhesvUle  mine. 


Section 

LftboratoiyNo 

Shale. 

Coal 

BoDvooal 

Coal 

Shale 

Coal 

"Sulphur" 

Coal 

Shale 

Coal 

Shale 

Coal 

Bone 

Coal 

Shale 

Lower  Freeport  bed. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

12457 

Ft,  in. 

0     1 

0      1 

0     5} 

aO      1 

0      IJ 

0       J 

0      4 

al      9 

0    10 

•  0      3 

0      7 

0      2 

0    lOi 
aO      4| 

6       h 

3      7 

B 

12471 
Ft.  in. 


0 
«0 

'6 

1 

aO 


8 

11 


2     7i 


a  Not  included  in  sample. 

Section  A  (sample  12457)  was  measured  in  a  cavity  in  the  roof  between  the  third 
right  butt  and  back  heading,  off  the  eighth  main  off  the  main  south  heading. 

Section  B  (sample  12471)  was  measured  in  a  cavity  in  the  roof  on  the  third  right 
butt,  heading  off  the  eighth  left  main,  about  200  feet  from  the  face  of  the  main  heading. 

Notes. — The  coal  is  mined  by  the  room-and-pillar  system.  At  the  time  of  sampling 
the  system  in  vogue  was  to  drive  the  entries  to  the  boundary  line,  turning  the  room 
necks  as  the  entry  was  driven,  and  then  drive  the  rooms  and  pull  the  ribs  on  the 
retreating  system.  The  coal  was  undercut  with  compressed-air  punching  machines 
and  broken  down  with  a  permissible  explosive.  The  coal  was  picked  on  the  cars. 
None  of  the  coal  was  shipped  as  run-of-mine.  Two-thirds  of  the  coal  passed  over  a 
2}  by  4  inch  screen.  All  the  screenings  were  crushed  and  coked,  about  600  tons  being 
coked  daily.  There  were  two  loading  tracks  with  a  capacity  of  15  loaded  cars  and  15 
fflnpty  cars.  The  daily  output  was  1,200  tons,  all  from  advance  workings.  About 
800  acres  of  this  tract  remained  to  be  mined. 


LACKAWANNA  COUNTY. 

DuNMORB.    Sloan  Mine. 

Sample. — ^Anthracite  coal;  Northern  field;  analysis  No.  11440  (p.  93). 

Mine. — Sloan,  Dunmore,  about  3  miles  east  of  Scranton. 

Coal  bed. — Dunmore  No.  2.  Carboniferous  age,  Allegheny  formation.  The  bed  was 
sampled  at  one  point  by  N.  H.  Darton  on  December  5, 1910.  The  sample  represents  7 
feet  of  coal.  The  sample  was  taken  in  connection  with  investigations  of  the  occurrence 
of  gases  in  coal  beds. 

LTJZEBNE  COUNTY. 

PrrrsTON.    Colliery  No.  14. 

Sample, — ^Anthracite  coal;  Northern  field;  analysis  No.  11441  (p.  93). 

Mine. — Colliery  No.  14,  a  shaft  mine  2  miles  southwest  of  Pittston,  on  the  Erie  RaU- 
road. 

Coal  bed. — ^Pittston.  Carboniferous  age,  Allegheny  formation.  Thickness,  about 
13  feet  A  sample  was  taken  by  N.  H.  Darton  on  November  21,  1910,  in  the  last 
chamber  at  the  end  of  the  Brannagan  slope.  The  sample  represents  the  full  thickness 
of  the  bed,  and  does  not  contain  any  impurities,  being  all  marketable  coal. 

iVb<e«.— The  mine  is  opened  by  slope,  drift,  and  shaft.  At  the  time  of  sampling 
the  coal  was  mined  by  hand.    The  mine  employed  about  1,700  men. 
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Wilkbs-Barrb.    Dorrance  Mine. 

Sample. — ^Anthracite  coal;  Northern  field;  analysis  No.  11782  (p.  93). 

Mine. — Dorrance;  a  shaft  mine  in  Wilkes-Barre  Township  about  1  mile  west  of 
Wilkes-Barre,  with  rail  connections  to  the  Lehigh  Valley  Railroad. 

Coal  bed. — Red  Ash.  Carboniferous  age,  Allegheny  formation.  Thickness,  about  12 
feet,  all  of  which  is  marketable  coal.  Roof,  soft  sandstone  and  sandy  shale;  floor, 
fire  clay.  The  sample  was  taken  by  N.  H.  Darton  at  the  end  of  the  first  west  gangway, 
600  feet  northwest  of  the  shaft,  and  represents  the  entire  section  across  the  face. 

Notes. — The  mine  is  opened  by  a  shaft  1,127  feet  deep  and  the  coal  is  mined  by  the 
pillar-and-chamber  system.  At  the  time  of  sampling  the  mine  had  an  average 
production  of  1,800  tons  a  day. 


SOMBBSET  COUNTY. 

AcosTA.    Belmont  No.  1  Mike. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  12209,  W19536, 
W19537,  W19538,  W19539,  and  W19543  (pp.  93, 94). 

Mine. — Belmont  No.  1,  a  drift  mine  in  the  Somerset  district,  one-quarter  mile  north 
of  Acosta  on  the  Boswell  branch  of  the  Baltimore  &  Ohio  Railroad. 

Coal  bed. — C^,  or  Upper  Kittanning.  Carboniferous  age,  Allegheny  formation. 
Average  thickness,  3  feet  4  inches.  Roof  gray-black  shale  about  18  feet  thick;  floor, 
shale  with  an  irregular  surface. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  G.  S.  Pope  and 
E.  W.  Miller,  April  26, 1911,  as  described  below: 

Sections  of  coal  bed  in  Belmont  No.  1  mine. 


Section 

A 
Wl»536 
Ft,  in. 
0     9) 

•  •         •  ■ 

•  •         •  • 

•  •         •  • 

•  •         •  • 

•  •         •  • 

2  7 

3  0 
3      4J 

B 
W1M37 
Ft.  in. 
0     9i 
aO      1 

3      51 
3      41 

C 

Wlflft38 

Ft.  in. 

0     5| 

•  *         •  • 

•  *         •  • 

0       i 

0     2 
0     3 

2  7 

3  91 
3     9( 

D 
W19539 
Ft.  in. 

0     91 

0 

0    11 

0 

0  1 
0 

•  •         •  • 
■  •         •  • 

•  •         •  • 

1  3 

3      3i 
3      3{ 

B 

Laboratory  Nos ^ ,  ^ . , . . , 

W 19543 

Roof,  shale. 

Coal 

Ft.  in. 
0     9 

Bone  and  shale ,.,,,,^,-,-^-,, 

aO      11 

Coal 

"Sulphur" soft  ball 

Coal 

*2 

-* 

"Sulphur" soft  ball 

Mother  coal 

Coal 

Coal  (breast  harder  than  rest  of  section) 

Coal 

'4 

Floor,  shale. 

Thickness  of  bed 

3      2i 
8      1 

Thickness  of  coal  samnled 

a  Not  included  in  sample. 

Section  A  (sample  W19536)  was  measured  at  the  face  of  room  4  off  the  main  heading, 
1,300  feet  from  the  mine  mouth. 

Section  B  (sample  W19537)  was  measured  at  the  face  of  the  third  left  entry,  60  feet 
from  the  main  entry. 

Section  C  (sample  W19538)  was  measured  at  the  face  of  room  3  off  the  first  right  entry. 

Section  D  (sample  W19539)  was  measured  at  the  face  of  the  second  left  entry,  250 
feet  from  the  main  entry. 

Section  £  (sample  W19543)  was  measured  at  the  face  of  the  main  heading,  1,550 
feet  from  the  mine  mouth. 

Notes. — At  the  time  of  sampling  the  coal  was  overcut  by  hand  in  the  top  of  the  bed, 
and  FFFF  and  FFF  black  powder  was  used  in  breaking  it  down.  There  was  one 
loading  track  with  a  capacity  of  16  cars.    There  were  no  screens,  the  entire  output 
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being  shipped  as  ruu-of-mine.  Pickers  were  employed  on  the  cars  in  loading.  The 
coal  is  soft  and  friable.  The  mine  was  comparatively  new,  having  started  shipping 
coal  in  October,  1910.  It  had  a  capacity  of  250  to  300  tons  a  day  with  an  average 
daily  output  of  150  tons,  the  larger  part  of  which  was  from  advance  workings.  There 
was  approximately  275  acres  of  unmined  coal  tributary  to  this  opening. 

Berlin.    OoRONsr  No.  3  Mine. 

5am/)fe.-— Semibituminous  coal ;  Windber  field ;  analyses  Nos.  1221^,  W19532,  W19533, 
W19534,  W19535,  and  W19542  (p.  94). 

Mine. — Coronet  No.  3,  a  drift  mine  in  the  Somerset  district,  IJ  miles  east  of  Berlin 
on  the  Berlin  branch  of  the  Baltimore  &  Ohio  Railroad. 

Coal  bed. — "  Smokeless  "  or  Upper  Freeport.  Carboniferous  age,  Allegheny  forma- 
tion. Average  thickness,  3  feet  6  inches.  Roof,  bony  coal  overlain  by  sandstone; 
floor,  hard  smooth  sandstone. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  G.  S.  Pope,  April 
25,  1911,  as  described  below: 

Sections  of  coal  bed  in  Coronet  No,  S  mine. 


Sectloo 

Laboratory  NO 

Roof,  bony  coal  and  sandstone. 

Coal 

Shale 

Mother  coal 

Coal 

"Sulphur" 

Coal 

Shale 

"Sulphur" 

Coal 

Bony  coal 

Coal 

Shale 

Floor,  sandstone. 

Thickness  of  bed 

Thickmess  of  coal  sampled . . 


A 

W19532 

Ft.  in. 

2    10 

0      1 


0    lOi 


3     9 
3 


B 
Wlft533 
Ft.  in. 
1      4J 

•  *         •  « 

0       i 


1 
oO 


2 


i 


0       } 

0      i 
0     9 


3 
3 


n 


Wl^^ 

Ft.  in. 

1     6 

•  *         •  • 

0       J 


1      0 
aO      U 


0    10} 


3      6} 
3      5 


D 
W19535 
Ft.   in. 
1     0 


0 

1 

OO 


7 
2 


0     3} 

0       i 

0      6 


3 
3 


n 


E 
W19642 
Ft.  in. 

2     0 
OO     2i 

8  1 

0     3 

•  •         •  « 

0      4} 


oO       } 

3      8 
3      4i 


a  Not  included  in  sample. 

Section  A  (sample  W19532)  was  measured  at  the  face  of  the  eighth  left  entry,  15 
feet  beyond  room  15  and  2,950  feet  from  the  mouth  of  the  main  entry. 

Section  B  (sample  W19533)  was  measured  at  the  face  of  the  sixth  right  entry,  125 
feet  from  the  main  heading  and  2,500  feet  from  the  mouth  of  the  main  entry. 

Section  C  (sample  W19534)  was  measured  at  the  face  of  room  13,  seventh  left  entry, 
2,450  feet  from  the  mouth  of  the  main  entry. 

Section  D  (sample  W19535)  was  measured  on  the  pillar  between  rooms  2  and  3,  off 
the  main  air  course  between  third  and  fourth  right  entries,  1,400  feet  from  the  drift 
mouth. 

Section  E  (sample  W19542)  was  measured  at  the  face  of  seventh  right  entry,  50  feet 
beyond  room  8,  2,800  feet  from  the  mouth  of  the  main  entry. 

Notes. — At  the  time  of  sampUng  the  coal  was  undercut  by  hand  and  shot  down  with 
FFF  and  PFPF  black  powder.  At  the  tipple  there  was  one  loading  track,  with  a 
capacity  of  12  cars.  There  were  no  screens,  the  entire  output  being  shipped  as  run-of- 
mine  coal.    Pickers  were  employed  on  the  cars  iji  loading. 

The  coal  near  the  roof  gradually  becomes  harder  and  merges  into  bone,  without 
any  distinct  line  of  separation  between  the  beds. 

The  mine  was  equipped  to  produce  about  300  tons  a  day,  and  had  an  average  daily 
output  of  150  tons.  The  coal  was  derived  from  both  advance  and  pillar  workings. 
The  mine  had  been  in  operation  about  six  years. 
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GONTLUBNCB.      LlNMBR  MiNB. 

Sample. — ^Bituminous  coal;  Somerset  field;  analysis  No.  13631  (p.  94). 

Mine. — ^Limner;  a  drift  mine  about  4^  miles  southeast  of  Confluence,  on  Whites 
Creek,  near  Beachly  post  office,  on  a  branch  of  the  Baltimore  &  Ohio  Railroad. 

Coal  bed. — C^  or  Upper  Eittanning.  Carboniferous  (Pennsylvanian)  age,  Allegheny 
formation.  Average  thickness,  about  4  feet  3  inches.  Roof,  sandstone;  floor,  .hard 
clay. 

The  bed  was  measured  and  sampled  by  C.  T.  Lupton  on  March  29, 1912.  The  sample 
represented  a  3-foot  6^inch  section  of  coal. 

The  sample  was  taken  at  the  end  of  the  back  subentry,  off  main  entry  1,  at  a  point 
about  2,500  feet  southeast  of  mine  mouth. 

Elk  Lick.    Englb  Minb. 

Sample. — Semibituminous  coal;  Windber  fi^d;  analysis  No.  13983  (p.  95). 

Mine. — Engle;  about  2}  miles  east  of  Elk  Lick  on  Phie  Run. 

Coal  bed. — D  ( 7)  Carboniferous  (Pennsylvanian)  age ;  Allegheny  formation .  Average 
thickness,  about  3  feet.  Roof  and  floor,  shale.  The  strata  at  this  locality  dip  about 
13*»  W.  and  strike  N.  38*»  E. 

The  bed  was  measured  and  sampled  by  0.  T.  Lupton  on  April  2, 1912,  as  described 

below: 

Section  of  coal  bed  in  Engle  mine. 


Laboratory  No 

Roof,  shale. 

Coal 

Bone  and  coal  alternating. 

Coal 

Floor,  shala. 

ThiclaMSs  (rf  bed 

ThJckDMW  of  coal  sampled . 


13063 
Ft  in. 

a     4 
•0     3 

0     0| 

3     U 
2    10} 


a  Not  incloded  in  sample. 

The  sample  was  collected  in  a  room  in  this  ''country  bank, ''  about  600  feet  east  of 
the  mine  mouth. 

Elk  Lick.    Grassy  Run  No.  1  Mine. 

Sample. — Semibituminous  coal;  Somerset  field;  analysis  No.  13664  (p.  95). 

Mine. — Grassy  Run  No.  1,  about  2}  miles  northwest  of  Elk  Lick,  on  a  branch  of  the 
Baltimore  &  Ohio  Railroad. 

Coal  bed. — ^Four-foot  Carboniferous  (Pennsylvanian)  age;  Monongahela  formation; 
about  35  feet  stratigraphically  above  the  Pittsburgh  bed.  Average  thickness,  about 
4  feet  6  inches.    Roof,  shale  1  foot  3  inches,  overlain  by ' '  wild  coal, ' '  floor,  sandy  bone. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  C.  T.  Lupton  on 
April  1, 1912,  as  described  below: 

Section  of  coal  bed  in  Ora$$y  Run  No.  1  mine. 


Laboratory  No 

Roof,  shale. 

Coia 

Booe 

Coal 

Floor  sandy  bone. 

ThicloMSs  of  bed 

ThidaMSB  of  coal  sampled. 


13864 

Fu  In. 

2  0 

aO  1 

9  0 

4  7 

4  6 


•  Not  included  In  sample. 


The  sample  was  taken  in  a  room  about  1,200  feet  southwest  from  the  mine  mouth. 
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HoLsoppLE.    Lenorb  Minb. 

Sample. — Semibituminous  coal;  Windber  field;  aiial3r8es  Nos.  15078,  15079,  15080, 
15081,  and  15082  (p.  95). 

Mine. — Lenore,  a  shaft  mine,  one-eighth  of  a  mile  north  of  Holsopple  station,  on  the 
Baltimore  &  Ohio  Raikt)8d. 

Coal  bed. — ^B  or  Miller.  Carboniferous  age,  Allegheny  formation.  Thickness,  3  feet 
to  4  feet,  fairly  uniform.  The  bed  has  no  regular  shale  or  sulphur  partings.  The  roof 
is  a  sandstone  which  does  not  Ml  or  get  mixed  with  the  coal.  Floor,  hard  smooth 
underc&y  and  black  ''rash."        Cover  at  points  of  sampling,  150  to  250  feet. 

The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  G.  H.  Deike  and 
^dwin  TTiggina  on  November  6, 1912,  as  described  below: 

Sections  of  coal  bed  in  Lenore  mine. 


Sectkm 

LaboratoiyNo 

Roc^sandstoiie. 
Coal,  hard,  bright. 


Coal, doll  nay.. 
Coal,  00ft,  Dright. 


A 

15078 

Ft.   in. 

0     7 

0 


1 
1 


I 


"Sufohur" 

Coal,  soft,  bright 

Mother  coal 

Coal,  soft,  br^t |    .. 

Floor,  underciay.  i 

Tniokiiessofooalbed 3 

Thioknen  of  bed  sampled ,     3 


1 
1 
7 


3 


B 

C 

15079 

15080 

Ft.   in. 

Ft.    in. 

0  9 

0  9 

0   i 

•  •    •  •  • 

0  U 
0  111 

•  m             •  ■  • 

Streak. 

2     9} 

•  ■    •  «  « 

i  1 



0  3 

3   7 

3   3} 

3   31 

3   7 

D 
150S1 
FU  in. 
0     8 
0 
0 
0 
1 


8 


3 
3 


•  •  • 


a  Not  included  in  sample. 

Section  A  (sample  15078)  was  measured  on  rfb  in  right  entry  l,  200  feet  from  main 
entry. 

Section  B  (sample  15079)  was  measured  at  the  ^e  of  south  entry  3. 

Section  C  (sample  15080)  was  measured  30  feet  from  the  face  of  the  main  entry. 

Section  D  (sample  15081)  was  measured  30  feet  from  the  face  of  south  entry  7. 

A  compodte  sample  was  made  by  combining  samples  15079, 15080,  and  15081.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  15082. 

Notes. — ^The  mine  is  opened  by  a  shaft  87  feet  deep  and  the  coal  is  mined  by  the 
room-and-pillar  method.  At  the  time  of  sampling  the  coal  was  undercut  by  com- 
pressed-air cutting  machines  and  by  hand  and  blasted  down  with  FFF  black  blasting 
powder.  A  permissible  explosive  was  used  for  brushing  the  floor  and  roof.  The  entire 
output  was  shipped  as  run-of-mine.  Pickers  were  employed  on  the  car.  There  were 
two  loading  tracks  with  a  capacity  of  20  empty  cars  and  30  loaded  cars.  The  average 
daily  output  was  200  tons  with  a  maximum  day's  run  of  400  tons.  The  capacity  was 
estimated  to  be  600  tons  a  day. 

HoLsoppLE.    Oneida  Minb. 

Sample. — Semibituminous  coal;  Windber  field;  analyses  Nob.  15073,  15074,  15075, 
15076,  and  15077  (p.  95). 

Mine. — Oneida,  a  slope  mine  one-eighth  of  a  mile  north  of  Holsopple,  on  the  Bal- 
timore &  Ohio  Railroad. 

Coal  bed. — Known  as  the  Upper  Eittanning  or  G^  Carboniferous  age,  Alle^eny 
formation.  Thickness,  3  feet  6  inches  to  4  feet;  average,  3  feet  8  inches.  Roof,  heavy 
sandstone;  floor,  hard  limestone.  Particles  from  the  roof  or  floor  did  not  become 
mixed  to  any  extent  with  the  coal  in  loading. 
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The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  G.  H.  Deike  and 
Edwin  Higgins  on  November  6  and  7,  1912,  as  described  below: 

Sections  of  coal  bed  in  Oneida  mine. 


Section 

Laboratory  No 

Roof,  sanastone. 

Coal,  soft,  bright,  firlable , 
Coal,  hard,  gray,  boi 
Coal,  bright,  fHable. 
Coal,  hard, 


Coal,  hard,  gray,  bony . 
"    -  -   •  ht,  fnab" 

Coal',  hard'  bright . 


**i 


'Siuphur'' streak. 

Coal,  hard,  bright 

Coal 

Floor,  limestone. 

Thickness  of  bed 

ThJokness  of  coal  sampled. 


A 
15073 
Ft.   in. 
0       9 
0       4 


3 
3 


4 
4 


B 

15074 

Ft.    in. 

0    11 

0       ! 


1      7 
0       i 

0    11 


3 
3 


n 


3 
3 


H 


D 

15076 

Ft.  in, 
1  0 
0       1 


11 


4 
4 


0 
0 


Section  A  (sample  15073)  was  measured  on  a  pillar  in  room  6  off  left  entry  5 

Section  B  (sample  15074)  was  measured  at  the  face  of  room  3  off  left  entry  6. 

Section  C  (sample  15075)  was  measured  15  feet  from  face  of  left  entry  5. 

Section  D  (sample  15076)  was  measured  at  the  ^e  of  room  23  off  left  entry  3. 

A  composite  sample  was  made  by  mixing  face  samples  15074,  15075,  and  15076. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  15077. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  with  compressed- 
air  punching  machines  and  shot  down  with  FFF  black  powder.  Permissible  explo- 
sives were  used  for  blasting  the  roof  or  floor.  The  tipple  was  used  both  by  the  Oneida 
and  Lenore  mines  but  the  coal  was  not  mixed,  as  each  mine  had  a  separate  dump. 
All  coal  was  shipped  as  run-of-mine.  Pickers  were  employed  on  the  cars.  There  were 
two  loading  tracks  at  the  tipple  with  a  capacity  of  20  empty  and  30  loaded  railroad 
cars.    The  average  daily  output  was  200  tons,  the  maximum  day's  run  being  300  tons. 

Jerome.    Jerome  No.  2  Mine 


Sample. — Semibituminous  coal;  Windber  field;  analyses  Nos.  12210,  W19638, 
W19639,  and  W19642  (p.  95). 

Mine. — Jerome  No.  2,  a  shaft  mine  in  the  Somerset  district,  at  Jerome,  on  the  Som- 
erset &  Cambria  branch  of  the  Baltimore  &  Ohio  Railroad. 

Coal  bed. — C,  or  Upper  Eittanning,  Carboniferous  age,  Allegheny  formation.  The 
coal  has  an  average  thickness  of  6  feet  (including  6  inches  of  bone) .  The  bone  and  shale 
are  persistent  at  the  top  of  the  bed  and  irregular  in  the  body  of  the  bed.  The  roof  is 
a  bony  coal  averaging  6  inches  in  thickness  overlain  by  a  limestone  capping.  Floor, 
hard  smooth  sandstone. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  on  May  22, 1911,  and 
at  3  points,  on  April  27,  1911,  by  G.  S.  Pope,  as  described  below: 

Sections  of  coal  bed  in  Jerome  No.  2  mine. 


8«ctk)n 

Laboratory  No 

Roof,  bony  ooal  and  limestone. 

Bone  and  shale 

Coal 

Bone,  shale,  and  ooal 

Coal 

Fkx>r.  sandstone,  hard. 

Tbidaiees  of  bed 

ThickneM  of  ooal  sampled . 


A 

B 

W1M88 

W19639 

Ft.    in. 

Ft.    im. 

•;  n 

aO     <4 
1     3 

•  0     9 

ao      1 

4      2 

4      2 

6     0 

0      i 

5     34 

6      5 

c 

W19042 

Ft.   in. 

«0     4 

1     0 

aO    11 

S      9i 

\  4 


•  Not  Included  in  sample. 
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Section  A  (sample  W19638)  was  measured  at  the  face  of  south  entry  7  off  east  entry  1^. 

Section  B  (sample  W19639)  was  measured  at  the  face  of  south  entry  4  off  east  entry  2. 

Section  C  (sample  W19642)  was  measured  at  the  face  of  east  entry  2. 

Sample  12210  was  measured  at  the  face  of  east  entry  1. 

A  composite  sample  was  made  by  combining  face  samples  W19638,  W19639,  and 
W19642.  The  results  of  an  ultimate  analjrsis  of  this  sample  are  shown  under  laboratory 
No.  12224. 

Notjts. — In  April,  1911,  the  coal  was  undercut  with  machines  and  by  hand  and  was 
broken  down  with  a  permissible  explosive.  The  mine  was  well  equipped.  The 
tipple  had  4  loading  tracks  with  a  capacity  of  80  cars.  The  coal  was  screened  with  bar 
screens  10  feet  long,  with  3-inch  openings;  75  per  cent  of  the  coal  passed  through. 
The  coal  was  hand  picked  both  on  the  conveyor  and  on  the  car  in  loading.  The  mine 
had  a  capacity  of  1,700  tons  a  day  with  an  average  daily  output  of  1,020  tons,  which 
was  largely  from  advance  workings.  It  was  planned  to  increase  the  production  to 
about  1 ,500  tons.    The  operating  company  owned  or  controlled  about  1,000  railroad  cars. 

PiNEHiLL.    Consolidation  No.  112  Mine. 

Sample. — Semibituminous  coal;  Somerset  field;  analyses  Nos.  13981,  13982,  and 
14037  (p.  96). 

Mine. — Consolidation  No.  112,  at  Pinehill,  on  the  Berlin  branch  of  the  Baltimore 
<&  Ohio  Railroad. 

Coed  bed. — ** Little  Pittsburgh."  Carboniferous  (^ennsylvanian)  age;  in  the  upper 
part  of  the  Conemaugh  formation,  about  147  feet  stratigraphically  below  the  Pitts- 
burgh bed.  Average  thickness,  about  3  feet  4  inches.  Strata  are  flat-lying,  with  a 
maximum  dip  of  about  5  per  cent.  Roof,  shale  grading  into  sandstone  above;  floor, 
carbonaceous  shale  wit^  some  clay. 

The  bed  was  sampled  and  measured  by  C.  T.  Lupton  at  two  points  on  April  3, 
1912,  as  described  below: 

Sections  of  coal  bed  in  Consolidation  No.  112  mine. 

Laboratorv  Nos 13981 

Roof,  sandy  shale,  grading  into  sandstone  above. 

Coal  (usually  not  mined) 

Shale 

CoaL 

Bone,  variable '. 

Coal,  with  occasional  small  lenses  of  pyrite 

Floor,  shale  and  clay. 

thickness  of  bed 

Thickness  of  coal  sampled 


13981 

13982 

Ft.  in. 

Ft.  in. 

•  •         •  • 

aO    7 

•  *         •  • 

aO    8 

2    6 

2    0 

?  1 

1     1 

3    7 

4    41 

3    7 

3    1 

a  Not  included  in  sample. 

Sample  13981  was  taken  in  room  44,  right  subentry  8  off  the  west  main  entry,  about 
3,600  feet  west  of  the  mine  mouth. 

Saimple  13982  was  taken  in  room  8,  right  subentry  1  off  left  entry  12,  about  5,000 
feet  southwest  of  the  mine  mouth. 

A  composite  sample  was  made  by  combining  face  samples  13981  and  13982.  The 
results  of  an  ultiniate  analysis  of  this  sample  are  shown  under  laboratory  No.  14037. 

Pinehill.    Consolidation  No.  113  Mine. 

Sample. — Semibituminous  coal;  Somerset  field;  analysis  No.  13984  (p.  96). 

Mine. — Consolidation  No.  113;  at  Pinehill,  on  the  Berlin  branch  of  the  Baltimore 
&  Ohio  Railroad. 

Coal  bed. — "Stoner."  Carboniferous  age  (Pennsylvanian)  age;  Conemaugh  forma- 
tion; about  290  feet  stratigraphically  below  the  Pittsburgh  bed.  Average  thickness, 
about  4  feet.    Roof,  shale  grading  upward  into  sandstone. 

The  sample  was  collected  by  C.  T.  Lupton  on  April  3, 1912,  from  a  mine  car  brought 
directly  from  room  2,  right  entry  10,  about  3,700  feet  southwest  from  the  mine  mouth. 
Information  regarding  Uie  thickness  of  the  bed  as  described  below  was  furnished  by 
C.  W.  Hofia,  superintendent  of  the  mine. 
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Section  of  coal  bed  in  Consolidation  No.  113  mine,  at  Pvnekill, 


Roof,  shale,  grading  into  sandstone  above. 

Coal 

Shale  ( variable) 

Coal 

Floor  (not  stated). 

Thickness  of  bed 


Ft. 

in. 

3+ 

0 

0 

3 

0 

U 

Ralphton.    Ralphton  No.  3  Minb. 

Sample. — Semibituminous  coal;  Somerset  field;  analyses  Nos.  W19627,  W19628, 
W19629,  W19630,  and  W19631  (p.  96). 

Mine. — Ralphton  No.  3,  a  drift  mine  one-half  mile  east  of  Ralphton  on  the  Boswell 
branch  of  the  Cambria  and  Somerset  division  of  the  Baltimore  &  Ohio  Railroad. 

Coal  bed. — C^  or  Upper  Kittanning.  Carboniferous  age,  All^heny  formation.  The 
coal  has  an  average  thickness  of  3  feet  5  inches.  TJie  roof  is  a  strong  gray  shale  between 
which  and  the  main  coal  bed  is  a  seam  of  roof  coal  3  to  4  inches  thick.  The  floor  is 
a  smooth,  hard  limestone. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  G.  S.  Pope  on  April 
29,  1911,  as  described  below: 

Sections  of  coal  bed  in  Ralphton  No.  3  mine. 


Section , 

Laboratory  No 

Roof,  shale. 

Shale,  bone,  and  coal 

Coal 

Shale 

Coal 

Bone 

Coal 

Floor,  limestone. 

Thickness  of  bed 

Thfckness  of  coal  sampled . 


A 
Wltte27 
Ft.     in. 

B 
W19628 
Ft.  in. 
•  0    3 

C 
W1962D 
Ft.  in. 

•  0    4 

D 

W19630 

Ft.  in. 

ao    3 

E 

WlOQl 
Ft.  in. 

al    4 

a'b     i 

•  •            •  ■ 
■  •            •  • 

3     3 

0    1 
0    i 

0    9 
0    i 

2    7 

•  •         •  • 

•  «         •  • 

0    M 
0 
2    61 

•  •         •  • 

•  •         •  • 

•  •         •  • 

3  «i 

•  •         •  • 
«  •         •  • 

0    7 
0 
2    8 

3    lU 
3     3 

3    8} 
3    61 

U 

isi 

i^ 

a  Not  included  in  sample. 

Sectioii  A  (sample  W19627)  was  measured  at  the  third  crosscut  off  south  entry  2, 
about  3,050  feet  from  the  mine  mouth. 

Section  B  (sample  W19628)  was  measured  at  the  ^e  of  room  11  off  the  straight  main 
entry,  about  3,150  feet  from  the  mine  mouth. 

Section  C  (sample  W19629)  was  measured  at  the  ^e  of  room  4  off  right  entry  6,  about 
2,800  feet  £rom  the  mine  mouth. 

Section  D  (sample  W19630)  was  measured  at  the  ^e  of  room  29  off  right  heading  4, 
about  2,900  feet  from  the  mine  mouth. 

Section  E  (sample  W19631)  was  measured  20  feet  inside  the  third  crosscut  off  south 
entry  3,  about  3,700  feet  £rom  the  mine  mouth. 

Notes. — ^At  the  time  of  sampling  the  coal  was  imdercut  by  hand  and  shot  down  with 
FFF  and  FFFP  black  powder.  The  tipple  had  one  loading  track  with  a  capacity  of 
22  cars.  There  were  no  screens,  the  entire  output  being  loaded  as  run-of-mine. 
Pickers  were  employed  on  the  cars  in  loading.  The  mine  had  a  capacity  of  1,000  Uma 
and  an  average  daily  output  of  850  tons,  most  of  which  was  £rom  advance  workings. 

Ralphton.    Ralphton  No.  4  Min9. 

i^omptc.— Semibituminous  coal;  Somerset  field;  analyses  Nos.  12202, 12218,  W19632, 
W19633,  W19635,  W19636,  and  W19637  (p.  97). 

Mine. — Ralphton  No.  4,  a  drift  mine,  1^  miles  north  of  Ralphton,  on  the  Baltimore  d 
Ohio  Railroad. 


■^_  ^ 
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Coal  bed, — G^  or  Upper  Kittanning.  Carboniferous  age,  Allegheny  formataon.  The 
coal  has  an  average  thickness  of  3  feet  10  inches  and  is  relatively  free  from  partings. 
Roof,  firm,  smooth  shale;  floor,  smooth,  hard  limestone. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  G.  S.  Pope  on  April 
28, 1911,  as  described  below: 

Sections  of  coal  bed  in  RalpfUon  No.  4  mine. 


Section 

Laboratory  No 

Roof,  smooth  shale. 

OmI 

Hard  gray  ooal  incUned  to  bone 

Coal 

Floor,  hard  smooth  limestone. 

Thldmessofbed 

Thiokness  of  ooal  sampled 


A 

W19632 
FL  in. 

1  3 
0      1 

2  7i 


3 
3 


111 


B 
W19633 
Ft.  in. 
3    10] 


3 
3 


181 


C 

W19635 

FL  in. 

3    7i 


3 
3 


?l 


D 
W19636 
FL  in. 
3     7 


3 
3 


7 

7 


E 
W19637 
FL  in. 
3    11 


3    U 
3    U 


Section  A  (sample  W19632)  was  measured  on  a  pillar  between  the  south  main  head- 
ing and  the  air  course  opposite  right  entry  1. 

Section  B  (sample  W19633)  was  measured  at  the  face  of  the  south  main  entry. 

Section  C  (sample  W19635)  was  measured  at  the  face  of  room  7  off  the  south  main 
entry. 

Section  D  (sample  W19636)  was  measured  on  pillar  1  at  the  second  ^'shoo-fly  "  (cross- 
over) off  main  entry  1. 

Section  E  (sample  W19637)  was  measured  at  the  face  of  left  entry  4  off  the  south 
main  entry. 

Notes. — Atthe  time  of  sampling  the  coal  was  undercut  in  the  lower  part  of  the  bed 
by  hand  and  was  shot  down  with  black  powder.  The  tipple  had  one  loading  track  with 
a  capacity  of  15  railroad  cars.  There  were  no  screens,  the  output  being  loaded  as  run- 
of-mine.    The  mine  had  a  capacity  of  450  tons  and  an  average  daily  output  of  400  tons. 

WASHINGTON  COUNTY. 

AVELLA.      PeNOBSCOIT  MinE. 

Sample. — ^Bituminous  coal;  Pittsburgh  field;  analyses  Nos.  15673  and  15674 (p.  97). 

Mine. — Penobscott,  a  drift  mine,  2  miles  west  of  Avella,  on  Wabash-Pittsburgh  Ter- 
minal Railway,  near  State  line. 

Coal  bed. — Pittsburgh.  Carboniferous  age,  Monongahela  formation.  Thickness 
averages  about  4|  feet  where  measured .  In  this  vicinity  this  coal  bed  has  been  locally 
eroded  and  replaced  by  sandstone.  The  roof  left  in  mining  is  coal,  the  top  clay  above 
the  main  bed  of  coal  being  weak. 

The  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  D.  D.  Condit  on 
January  8, 1913,  as  described  below: 

Sections  of  bed  in  Penobscott  mine. 


Seetton 

Laboratory  No 

Roof,  ooal  3  to  6  Inches. 

Clay 

Ooi 

Clay 

Coal 

Ciay 

Coal 

Flov.  day  and  shale. 

HiloDMSSofbed 

Thickness  of  coal  sampled 

a  Not  included  in  samples. 
47664*'— Bull.  85—14 21 


B 
15674 
FL  in, 
ol     0 

2  3 
«0 
«0 
•  0 

1 

6     2 

3  10 
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Section  A  (sample  15673)  wm  meaaured  in  roam  ]5,  ei^th  left  entry  off  main 
entry,  3,600  feet  northwest  of  mine  mouth.    Cover  at  point  ot  sampling,  80  feet. 

Section  B  (sample  15674)  was  measured  in  a  room  off  seventh  ri^t  entry,  3,100  feet 
northeast  of  mine  mouth.    Cover,  70  feet. 

Baird.    Schobnbbrqer  Minb. 

5<nnpIi!.—Bituminoiucoa1;Pittebui^field;analyBisNo8. 11164, 11165,11168, 11167, 
11168, 1116B  and  11170  (pp.  97, 98). 

ViTie. — Schoenbfflger,  adriftmineatBaird,  Kstationon  theUonongaheladivisionof 
the  Pennsylvania  Railroad. 

Coal  M. — Pittsburgh,  Carboniferous  age,  Monongahela  formation.  Average  thick- 
ness, 5  feet  10  inches.  The  roof  is  a  "di>w  slate"  8  inches  thick,  above  which  is  a 
ahale;  15  feet  above  the  shale  is  the  main  cap  rock.  The  floor  is  a  shale,  below  which 
is  a  limestone.    Dip,  about  1  per  cent  southweet. 

The  bed  was  sampled  and  measured  at  six  pointa  in  the  mine  by  A.  A.  Stnub  on 
November  3,  1810,  as  described  below: 

Stetion*  of  eoai  btd  tn  Sehoaiberger  mme. 


3     H 

i   ioi 

!  ? 

A 
U 

]\ 
i  il 

A. 

"i  ioi 

!  3 

•s  !• 

Vi 

itiss 

Ft.  In. 

r;i 

0  "i 

1  a 

0    s 

t  a 

"/"i, 

0    .1 

' 

a  10,  entry  32  off  face 


•  Not  tnohided  In  Mmpls. 

Section  A  (sample  11164)  was  measured  at  the  face  of  ri 
entry  12,  about  4,000  feet  southeast  of  the  mine  mouth. 

Section  B  (sample  1116&)  was  measured  at  the  face  of  room  4,  entry  32  oS  face  entry 
11,  about  4,000  feet  southeast  of  the  mine  mouth. 

Section  C  (sample  11166)  was  measured  at  the  face  of  the  ri^t  main  entry,  about 
7,000  feet  south  of  the  mine  mouth. 

Section  D  (sample  11167)  was  measured  at  the  lace  ot  room  11,  entry  32  off  the  rigjit 
main  entry,  about  6,000  feet  south  of  the  mine  mouth. 

Section  E  (sample  11168}  was  measured  at  the  face  of  (ac«  entry  11,  about  4,800  feet 
southeast  of  the  mine  mouth. 

Section  F  (sample  11169)  was  measured  on  a  pillar,  in  right  entry  29  oS  the  main 
entry,  about  5,500  feet  south  of  the  mine  mouth. 

Mita.^The  coal  is  mined  by  the  double  entry,  room-and-pillar  system.  At  the 
time  of  sampling  electric  chain-cutting  machines  were  used  and  the  coal  was  brokaa 
down  with  FF  black  powder.  The  mine  had  a  capacity  of  about  3,000  tons  a  day,  7S 
per  cent  of  which  wu  from  advance  workings.  There  were  4  loading  tracks  with  a 
capacity  of  65  cms  at  the  tipple.  Pickers  were  employed  on  the  cars  when  coal  was 
being  loaded.  About  10  per  cent  of  the  coal  was  shipped  as  nin-of-mine  and 
remainder  was  eoeened  to  various  commercial  sicea.  ^lere  waa  about  260  acna 
of  unmined  coal  tributary  to  this  drift  mouth. 
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FmLBTVUiLB.    Cincinnati  Mine. 

Sample, — Bituminous  coal;  Pittsburgh  field;  analyses  Nos.  17082,  17083, 17084,  and 
17086  (p.  98). 

Mine, — ^The  Cincinnati  mine  is  opened  by  a  drift  about  two  miles  northeast  £rom 
Courtney  and  a  manway  at  Mingo  2  miles  southeast  of  Finleyville. 

Coal  bed, — Pittsburgh,  Carboniferous  age,  Monongahela  formation.  Thickness, 
4  feet  8  inches  to  6  feet  8  inches,  fairly  uniform.  In  the  center  of  the  bed  are  two 
characteristic  clay  partings  about  three  inches  apart.  The  roof  ia  a  "  draw  slate,  * '  over 
which  there  is  a  roof  coal  and  shale.  The  floor  is  an  underclay,  beneath  which  is  a 
limestone  bedrock. 

The  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  H.  I.  Smith, 
H.  D.  Mason,  jr.,  and  W.  A.  Raudenbush  on  May  7, 1913,  as  described  below: 

Sections  of  coal  bed  in  Cincinnati  mine. 


SectioD 

Laboratory  No 

Roof,  "draw  slate/' 

Coal 

Bony  coal 

Coal 

Mother  coal  and  <'sulpfaiir" 

Coal 

Shale  binder 

Coal 

Shale  binder'. .' '.'.'.'. '. '.'.'.'. '. '. '. * 

"Sulphur"  ball  on  one  side 

Coal 

Mother  coal 

Coal 

Bottom  coal 

Floor,  nnderday. 

Thioknessofbed 

Thickness  of  ooal  sampled. 


A 

B 

17082 

17083 

Ft.   in. 

Ft.    in. 

1    4 
0 

h  1 

1    9 

0    10 

0 

^       ^ 

0    3i 

1 

Streak. 

aO 

81 

oO      3 
aO        1 

6    2" 

0      i 

1    2 

1      9 

•  •         •  • 

aO      4 

5    8| 
5   H 

5    4 

c 

17064 
FL    hi, 

1  n 

0  1 

1  7 


H 

0  3 

0    3} 

0  I 

1  9 

0  ^ 


6 
6 


a  Not  induded  in  sample. 

Section  A  (sample  17082)  was  measured  60  feet  outby  the  last  cut-through  on  butt 
entry  6  off  &ce  entry  14,  about  6,200  feet  northwest  of  the  mouth  of  Mingo  slope  entry. 

Section  B  (sample  17083)  was  measured  60  feet  inby  room  2  on  butt  entry  10  off 
face  entry  14,  about  6,800  feet  northwest  of  the  mouth  of  Mingo  slope  entry. 

Section  0  (sample  17084)  was  measured  inby  the  first  crosscut  on  butt  entry  12 
off  &kce  entry  14,  about  7,400  feet  northwest  of  the  mouth  of  Mingo  slope  entry. 

A  composite  sample  was  made  by  mixing  face  samples  17082,  17083,  and  17084. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  17085. 

Notes, — ^The  coal  is  mined  by  the  room-and-pillar  system.  At  the  time  of  sampling 
it  was  undercut  with  electric  cutting  machines  in  the  bottom  of  the  bed  and  was  broken 
down  with  permissible  explosives.  The  cuttings  were  loaded  out  with  the  coal. 
The  ''draw  slate  "  is  treacherous  and  must  be  broken  down  and  loaded  out  after  each 
cut  of  coal.  The  entire  output  of  the  mine  went  to  a  tipple  on  the  Monongahela 
Biver.  Although  this  mine  is  one  of  the  first  on  the  Monongahela  Biver  it  still  con- 
tained considerable  coal. 


MONONQAHBLA  CfTY.      CaTSBURG  MiNE. 

Sample. — Bituminous  coal;  Pittsburgh  field;  analyses  Nos.  11157,  11158,  11159, 
11160, 11161, 11162, 11163, 11172,  11541,  and  12281  (pp.  98, 99.) 

Mine, — Catsbuig,  a  drift  mine  one-fourth  of  a  mile  south  of  Monongahela  City 
with  railroad  connections  to  the  Monongahela  River  division  of  the  Pennsylvania 
Hues. 

Coal  bed, — Pittsburgh.    Average  thickness,  5  feet  6  inches.    Dip,  1  per  cent  south- 
east.   The  roof  is  a  "draw  slate,"  about  8  inches  thick,  above  whichis a  fair  quality 
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of  roof  coal  6  to  12  inches  thick.  Floor,  soft  fire  clay.  The  bed  was  measured  and 
sampled  at  six  points  in  the  mine  by  J.  J,  Butledge  and  A.  A.  Straub  on  November  1, 
1910,  as  described  below: 

Sections  of  coal  bed  in  Catshurg  mine. 


Section 

Laboratory  No 

Roof,  shale. 

Coal,  brlgbt  and  hard .... 

"Sulphur"  band 

CoaL 

Shale,  dark 

Coal,  bright 

Shale,  dark 

Coal,  bright 

"Sulphur"  band 

Coal,bright 

Floor,  fire  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

11157 
Ft.    in. 

2-3 

0 

0 
oO 

0 
aO 

2 


8 

I 


5    6 
5    5 


B 

11158 

Ft.    in. 

2    Hi 


4 
4 


n 


C 

iiiGe 

Ft.   in. 
2     9} 


oO 

0  21 
aO 

1  11 
0 
0    III 


D 

llldO 
FL   in. 
3    1 


0 
2    2 


i 


5 
5 


n 


E 

11161 

Ft.    in. 

2   H 


6   6 
5    4| 


F 

U162 
Ft.    in. 
3    2 


0 
OO 
0 
0 
1 

5 
5 


2 

n 


a  Not  included  in  sample. 

Section  A  (sample  11157)  was  measured  at  the  face  of  sixty-sixth  butt  entry,  2} 
miles  northeast  of  the  mine  mouth. 

Section  B  (sample  11158)  was  measured  on  the  rib  of  room  17,  seventy-fifth  en  try » 
2i  miles  northeast  of  the  mine  mouth. 

Section  G  (sample  11159)  was  measured  at  the  face  of  room  23,  seventy-ninth  butt 
entry,  2}  miles  northeast  of  the  mine  mouth. 

Section  D  (sample  11160)  was  measured  on  the  chain  pillar  at  room  46,  seventy- 
fourth  butt  entry,  2)  miles  northwest  of  the  mine  mouth. 

Section  E  (sample  11161)  was  measured  at  the  face  of  the  north  second  main  entry, 
2^  miles  north  of  the  mine  mouth. 

Section  F  (sample  11162)  was  measured  at  the  face  of  room  101  on  sixty-eighth 
butt  entry,  2}  miles  northwest  of  the  mine  mouth. 

Three  cars  of  slack  coal  from  this  mine  were  shipped  to  the  Pittsbuigh  experiment 
station  for  testing  purposes.  The  car  samples  are  designated  as  follows:  Pittsbuigh 
No.  113,  laboratory  No.  11172;  Pittsbuigh  No.  131,  laboratory  No.  11541;  Pittsbuigh 
No.  181,  laboratory  No.  12281. 

Notes. — ^The  coal  is  mined  by  the  double-entry,  room-and-pillar  system.  At  the 
time  of  sampling  electric  chain-cutting  machines  were  used .  The  coal  was  shot  down 
with  FFF  black  powder,  dynamite  being  used  for  brushing  the  roof.  The  mine  had 
a  daily  production  of  about  875  tons,  which  was  derived  both  from  advance  workings 
and  pillars.  Only  a  little  of  the  coal  was  shipped  as  run-of-mine.  There  were  3  load- 
ing tracks,  with  a  capacity  of  about  45  cars,  at  the  tipple.  Pickers  were  employed 
both  in  the  mine  and  on  the  railroad  cars  when  coal  was  loaded.  About  33  per  cent 
of  the  coal  produced  was  screenings.  There  was  about  1,400  acres  of  unmined  coal 
tributary  to  this  opening. 

WE8TMOBELAND  COUNTY. 

Grbensburg.    No.  4  Minb. 

Sample. — Bituminous  coal;  Pittsbuigh  field;  Greensbuig  district;  analysis  Nos. 
12265  and  12853  (p.  99.) 

Mine. — No.  4;  4  miles  north  of  Greensbuig. 

Coal  bed. — ^Pittsbuigh.  Carboniferous  age,  Monongahela  formation.  The  coal  from 
this  mine  was  sampled  by  E.  R.  Linkenhoker  on  June  7  and  November  13,  1911, 
respectively,  while  the  coal  was  being  unloaded  at  the  Bureau  of  Mines  testing  plant, 
Pittsburgh,  P*l 

Sample  12265  represented  a  carload  of  lump  coal  (Pittsbuigh  No.  178). 

Sample  12853  represented  a  carload  of  lump  coal  (Pittsbuigh  No.  254). 
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LucBSco.    LucESco  Mine. 

iSonip^.-^Bituininous  coal;  Fittsbuigh  field;  analyses  Nos.  12393,  12394,  12395, 
12396,  and  12397  (p.  99). 

Mine. — Lucesco,  a  drift  mine  in  the  Allegheny  River  district,  near  Lucesco,  a  post 
office  at  Eiskiminetas  Junction,  on  the  Conemaugh  and  Allegheny  divisions  of  the 
Pennsylvania  Kailroad. 

Coal  bed. — Known  as  the  Upper  Freeport  or  E.  Carboniferous  age,  Allegheny  for- 
mation. The  thickness  is  rather  variable ,  ranging  from  2  to  4  feet.  The  roof  near  the 
opening  is  a  sandy  shale  of  variable  thickness,  averaging  1^  feet.  At  the  points  where 
the  samples  were  taken  the  roof  is  sandstone.  The  floor  is  an  underclay,  1)  to  3  feet 
thick,  underlain  by  limestone.  The  floor  is  taken  up  in  the  inner  workings  to  get  the 
necessary  height  and  the  material  is  packed  in  gob  waUs  along  the  entries.  The  cover 
increases  rapidly  from  the  outcrop  and  rises  to  300  feet  at  places. 

The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  L.  M.  Jones,  on 
June  29, 1911,  as  described  below: 

Sections  of  the  coal  bed  in  the  Ltuxsco  mine. 


Section 

Laboratory  No , 

BooL  hard  sandstone. 

Coal  with  fine  '<  sulphur"  streaks 

Mother  coal 

CoaLhard 

Mother  coal  or  shale 

Coal 

Shale  and  coal 

Coal 

Shale  and '< sulphur" 

Coal 

Floor,  fire  clay. 

Tnioknessofbed 

Thickness  of  coal  sampled 


D 
12396 
Ft.  in. 


1 


h 


2 
aO 
0 
0 
0    3 

0    4 

3    8 
3    6 


a  Not  included  in  sample. 

Section  A  (sample  12393)  was  cut  from  the  ^e  of  the  rinth  left  entry,  4,000  feet 
south  of  the  mine  mouth. 

Section  B  (sample  12394)  was  cut  from  the  ^e  of  the  fifth  left  entry,  165  feet 
beyond  room  46,  3,600  feet  from  the  mine  mouth. 

Section  C  (sample  12395)  was  cut  from  the  face  of  room  48,  first  right  entry,  3,200 
feet  southeast  of  the  mine  mouth. 

Section  D  (sample  12396)  was  cut  from  the  ^e  of  room  20,  third  right  entry,  2,300 
feet  southeast  of  tiie  mine  mouth. 

A  composite  sample  was  made  by  mixing  ^e  samples  12393,  12394, 12395,  and 
12396.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory 
No.  12397. 

Notes. — At  the  time  of  sampling,  the  coal  at  this  mine  was  undercut  by  hand  and 
blasted  with  FFF  black  powder.  From  the  mine  opening  40  feet  above  the  tipple 
floor  a  gravity  incline  led  to  the  tipple,  which  extended  over  the  loading  track  and 
the  main  line  of  the  Pennsylvania  Railroad,  and  was  equipped  to  load  the  engines 
on  the  latter  track.    The  daily  output  averaged  300  tons  a  day. 

Madison.    Ebtstonb  Mine. 

i9amp^.— Bituminous  coal,  Fittsbuigh  field.    Analyses  Nos.  16270 and  16271  (p.  99). 

Mine. — Keystone,  a  shaft  mine  at  Madison. 

Coal  bed. — ^Fittsbuigh.  Carboniferous  age,  Monongahela  formation.  Thickness 
about  6}  feet. 

Sample  16270  was  taken  from  a  car  of  slack  and  sample  16271  from  a  car  of  run-of- 
mine  coal,  by  E.  R.  Linkenhoker  while  the  cars  were  being  unloaded  at  the  Pitts- 
burgh testing  station. 
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SOUTH  DAKOTA. 

HARDING  COUNTY. 

Buffalo.    Hilton  Mine. 

Sample. — Lignite.    Northwestern  South  Dakota  field;  analysis  No.  13221  (p.  100.) 

Mine. — ^Hilton,  a  drift  mine  near  center  of  sec.  6,  T.  20  N.^  R.  5  E.,  10  miles  north 
of  BufEalo. 

Lignite  bed. — No  name.    Cretaceous  or  Tertiary  age;  Lance  formation. 

The  bed  was  measured  and  sampled  by  E.  M.  Parks  on  October  4, 1911,  as  described 
below: 

Section  of  lignite  bed  in  the  Hilton  mine. 


Lftboratory  No 


Roof,  lignite 

CUfcy.gray 

Li^ilte 

Clay 

Llg^te,  brown,  woody 

Clay  (with  water)  reported . . 

Llg^te,  reported 

Floor,  clay. 

Thielmees  of  bed 

Thiolmefls  of  lignite  sampled. 


13221 

Ft. 

in. 

ol 

11 

aO 

6 

2 

10 

aO 

U 

4 

4 

o2 

0 

«2 

0 

13 

H 

7 

2 

a  Not  included  in  sample. 

Note. — ^The  mine  was  seldom  worked.  The  sample  was  collected  at  the  face  of 
the  drift  entry,  120  feet  from  the  outcrop  at  the  mine  mouth.  The  sample  was  fairly 
dry. 

Buffalo.    Open  Prr. 

Scnnple. — Lignite.    Northwestern  South  Dakota  field;  analysis  No.  13220  (p.  100). 
Mine. — Mendenhall;  18  miles  east  of  Buffalo,  in  sec.  1,  T.  17  N.,  R.  7  E. 
Lignite  bed. — Upper  Cretaceous  or  Tertiary  age;  Lance  formation. 
The  bed  was  measured  and  sampled  by  E.  M.  Parks  on  August  18, 1911,  as  described 
below: 

Section  of  lignite  bed  in  open  prospect. 


Laboratory  No. 


Dirt,  bituminous  with  coaly  streaks  a. 

Lignite,  tough 

L^te,  bony 

Lignite,  tough 


Lignite 

Clay 

Ligbite,  tough,  with  two  thin  sandy  partings. 
Clay.* 

Thickness  of  bed 

Thickness  of  lignite  sampled 


Ft. 

in. 

0 

&i 

0 

5 

0 

2 

0 

9 

0 

1 

0 

7 

0 

1 

4 

i 

6 

7 

6 

If 

a  Not  included  in  sample. 

The  sample  was  collected  from  the  face  of  prospect  after  about  two  feet  of  lignite 
had  been  removed,  and  was  fairly  dry. 
Note. — ^This  prospect  was  seldom  worked. 

Buffalo.    Open  Pit. 

i^omp^.— Lignite.    Northwestern  South  Dakota  field;  analysis  No.  13222  (p.  100). 
iftne.— Mendenhall;  18  miles  east  of  Buffalo  in  sec.  1,  T.  17  N.,  R.  7  E. 
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LigniU  bed. — ^Upper  Cretaceous  or  Tertiary  age,  Lance  formation. 

The  bed  was  measured  and  sampled  by  E.  M.  Parks  on  August  17, 1911,  as  described 

below: 

Section  of  lignite  bed  in  open  prospect. 


Labdcatory  No 

C3ay,  brown 

UfpAte 

C3ay,  laminated 

Llgiiite,  dirty 

Dirt,  bituminous 

Ldgnlte  with  bone  interbedded . . 
Shale  with  lignite  interbedded. . . 

Lignite,  dirty 

Shale 

Ldgnlte 

Thickness  of  bed 

Thickness  of  lignite  sampled. 


13222 

Ft.  in. 

a2  6 

aO  4 

al  1 

aO  6 

aO  7 

1  7 

aO  3 

n 

4  4 

11  5 

6  3 


a  Not  included  In  sample. 

The  sample  was  collected  from  the  face  of  the  stripping  after  about  2  feet  of  lignite 
had  been  removed. 
Note. — ^This  prospect  was  seldom  worked. 

Ralph.    Nbwcomb  Mine. 

Sample. — Lignite;  Perkins  and  Harding  counties  field;  analysis  No.  15062  (p.  100). 

Mine. — Newcomb,  an  open-pit  mine,  in  the  SW.  J  sec.  10,  T.  20  N.,  R.  9  E.,  5  miles 
southeast  of  Ralph  and  about  28  miles  south  of  Reeder,  N.  Dak.,  on  the  Chicago, 
Milwaukee  &  St.  Paul  Railroad. 

Lignite  bed. — Designated  the  Widow  Clark  bed.  Tertiary  (?)  age,  Ludlow  lignitic 
member  of  the  Lance  formation.  It  is  the  most  important  bed  of  lignite  in  that  part 
of  Harding  County.  Its  average  thickness  in  T.  20  N.,  R.  9  E.,  is  about  4  feet,  but  it 
varies  ht)m  2  feet  8  inches  in  sec.  9  to  10  feet  10  inches  in  sec.  10.  It  is  usually  of 
good  quality  with  very  small  amounts  of  impiuities.  It  is  tough  and  slightly  woody, 
when  freshly  mined,  but  slacks  readily  upon  exposure  to  air.  It  is  used  entirely  for 
domestic  purposes. 

The  bed  was  measured  and  sampled  October  16,  1912,  by  J.  B.  Reeside,  jr.,  as 

shown  below: 

Section  of  lignite  bed  in  the  Newcomb  mine. 


Laboratory  No 

Roof,  shale. 

Lignite,  dirtv 

Parting,  shale 

Lignite,  dirty 

Parting,  shaie 

Lignite,  fine  quaUty 

Floor,  not  stated. 

Thickness  of  bed 

Thickness  of  lignite  sampled. 


1JS0A2 

Ft. 

in. 

aO 

6 

aO 

1 

aO 

1 

aO 

1 

10 

1 

10 

10 

10 

1 

a  Not  included  in  sample. 

Notes. — ^The  lignite  is  mined  by  stripping,  and  the  sample  was  collected  from  the 
face  of  the  bed,  which  was  somewhat  weathered. 

PEBKINS  COUNTY. 

LoDGBPOLE.    Nelson  Mine. 

Sample. — Lignite;  northwestern  South  Dakota  field;  analysis  14354  (p.  100). 
Mine. — Nelson;  3  miles  southwest  of  Lodgepole,  and  about  18  miles  south  of  the 
Chicago,  Milwaukee  <fc  St.  Paul  Railway,  in  sec.  29,  T.  21  N.,  B.  12  E. 
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lA/gmU  bed^—TeitiMry  ige.  Port  Umofn  fonutkm.  ThicknewB  of  put  aftmpled, 
7  feet.    Neither  the  top  nor  the  bottom  of  the  bed  wms  exposed. 

The  flunple  ww  collected  in  the  entry  140  feet  northwest  of  the  entry  mouth, 
by  E,  B.  Lloyd  and  E.  6.  Woodruff,  on  July  3, 1912. 

Stsool.    Jonks  Mink. 

Samjde.—UffdVB;  northwestern  South  DiJEota  field;  amdyms  No.  12453  (p.  100). 
Mine, — Jones;  a  drift  mine  6  miles  northwest  of  Strool,  in  sec.  35,  T.  19  N.,  R.  10  E. 
lAgmU  bed, — The  lignite  bed  is  of  Tertiary(?)  age.  Lance  formation,  and  diowed 
the  following  section: 

Section  of  ligniU  bed  in  Janet  tnine^  6  miU$  nortkwe$i  of  Strool. 

LobofBtarrNo "     msj 

BoormMijriluile. 

Lignite 

Shale.  MDdT 

Lignite 


Floor,  day. 

Thidmeii  oC  bed. 


Thicknev  ofUgnlte  nmpled. 


Ft.im. 
•  I    3 


•  Ezchided  (ram  sample. 

Note, — The  lignite  is  brown  and  woody.  Section  and  sample  were  taken  at  end  of 
main  entry  by  D.  E.  Mnchaster,  July  22,  1911. 

Strool.    Knudbbn  Minb. 

Sample. — Lignite;  northwestern  South  Dakota  field;  analysis  No.  12454  (p.  100). 

Mine. — Knudaen;  a  drift  mine  5  mil^  southwest  of  Strool,  in  sec.  2,  T.  17  N., 
R.IOE. 

Lignite  bed. — ^The  lignite  bed  is  of  Tertiary(?)  age,  Lance  formation,  and  has  the 
following  section: 

Section  of  lignite  bed  in  the  Knud$en  mine. 


Laboratory  No 

Roof,ihale. 

Lignite 

Shale,  broum 

Lignite,  booy 

Floor,  clay. 

ThiokneM  of  bed 

TbiokneM  of  lignite  nmpled. 


ia4M 

Ft.im. 
2    7 

•  0    4 

•  0    7 

S    6 
2    7 


a  Not  included  in  nmple. 

The  lignite  is  brown  and  woody.  Section  and  sample  were  taken  at  end  of  second 
entry  by  D.  E.  Winchester  on  July  21,  1911. 

Stbool.    Phillips  Mine. 

Sample. — Lignite;  northwestern  South  Dakota  field;  analysis  No.  12488  (p.  100). 

iftn^.— Phillips;  a  drift  mine  5  miles  south  of  Strool,  in  sec.  17,  T.  17  N.,  R.  11  E. 

LigniU  6e(f.— The  lignite  is  of  Tertiary(?)  age,  Lance  formation,  and  had  a  thickness 
of  2  feet  5  inches  at  the  point  of  sampling.  Both  roof  and  floor  are  shale.  The 
lignite  is  dark  brown  or  black,  has  well-developed  cleavage,  and  otherwise  closely 
resembles  the  subbituminous  coal  of  eastern  Wyoming. 

The  bed  was  measured  and  sampled  by  D.  E.  Winchester  on  July  26,  1911.  The 
sample  was  taken  160  feet  from  the  mine  mouth. 


tennesseb:  bledsoe  county. 
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TENNESSEE. 

ANDBBSON  COXTKTY. 

.Bbicbyillb.    Gross  Mountain  No.  1  Mine. 

Sample. — ^Bituminous  coal;  Cumberland  Plateau  field;  analyses  Nob.  13237, 13238, 
13264, 13265,  and  13290  (p.  101). 

Mine, — Cross  Mountain  No.  1,  a  drift  mine  one-half  mile  west  of  Biiceville  on  a 
branch  of  the  Southern  Railroad. 

Coal  bed. — Known  as  the  Coal  Creek,  but  not  correlated  with  other  beds  in  eastern 
Tennessee.  The  coal  is  of  Carboniferous  (Pottsville)  age,  and  the  average  thickness 
is  3  feet  10  inches,  the  range  being  torn  3  feet  to  4  feet  6  inches.  It  is  rather  hard 
coal  and  has  a  well-defined  cleat.  The  roof  is  a  hard  sandy  gray  shale ,  called  ^ '  slate ' ' 
by  the  miners.  Over  the  first  3,000  feet  of  entry  this  roof  is  poor,  but  after  that  it  is 
very  strong.  The  floor  is  an  underclay  which  is  usually  rather  hard  but  softens 
and  swells  when  wet  and  when  pillars  are  being  pulled. 

The  coal  bed  was  measured  and  sampled  at  three  points  in  the  mine  during  January, 
1912,  by  J.  J.  Rutledge  and  E.  B.  Sutton,  as  described  below: 

Sections  of  coal  bed  in  Cross  Mountain  No.  1  mine. 


Seetkm 

Laboratory  No 

Roof,  gray  shale. 

CoBl 

Gannelcoal 

Coal 

Floor,  underday. 

Thickiiess  of  bed 

Thickness  of  ooal  wnpled 


A 

B 

13237 

13238 

Ft.in. 

Ft.  <fl. 

0    7 

•  •         •  « 

aO    1 

•  •         *  • 

3    0 

3    10 

3    8 

3    10 

3    7 

3    10 

c 

13290 
Ft.in. 


4     0 


4 
4 


0 
0 


a  Not  included  In  sample. 

Section  A  (sample  13237)  was  cut  from  the  right  rib  of  left  entry  26,  outby  last 
break-through  to  the  right. 

Section  B  (sample  13238)  was  cut  from  a  chain  pillar  on  right  entry  27, 18  feet  outby 
the  twelfth  and  last  break-through. 

Section  C  (sample  13290)  was  cut  from  the  right  rib  of  right  entry  27,  about  30  feet 
from  main  entry. 

Sample  13264  was  taken  in  room  3,  off  left  entry  26. 

Sample  13265  was  taken  in  room  2,  off  left  entry  26. 

Notes. — In  1912  the  Cross  Mountain  No.  1  mine  was  opened  by  a  drift  and  worked 
by  the  room-and-pillar  method.  The  coal  was  undercut  by  electric  chain  machines 
in  the  lower  part  of  the  bed.  Very  Uttle  explosive  was  used,  as  the  coal  frequently 
dropped  while  the  head  of  the  undercutting  machine  was  being  removed.  When 
powder  was  necessary  FFF  black  blasting  powder  was  used  exclusively,  40  per  cent 
strength  dynamite  being  used  for  brushing  the  roof.  The  coal  was  marketable  either 
as  steam  or  domestic  coal,  the  latter  quality  being  said  to  give  the  mine  a  decided 
advantage  in  the  markets.    The  screens  used  were  varied  to  suit  the  market. 

BLEDSOB  OOTTNTY.a 

Herbert.    Prospect. 

Sample. — ^Bituminous  coal,  Cumberland  Plateau  field;  analysb  No.  10915  (p.  101). 
Mine. — Prospect  on  State  land  near  Herbert  post  office,  about  4  miles  north  of 
Saratoga  Springs  and  about  14  miles  northwest  of  Pikeville. 


aForadeBorlptioiioftheooalshereU8ted8eeBuU.9,  Tennessee  QeoL  Surrey. 
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Coal  bed. — ^The  coal  is  proviaionally  correlated  with  the  Sewanee  coal.  Oarbonifer- 
oufl  system,  Pennsylvanian  series,  Pottsville  group,  Walden  sandstone  formation. 
Roof,  shale. 

The  bed  was  measured  and  sampled  by  H.  G.  Hart,  imder  the  (iirection  of  W.  G. 
Fhalen,  on  September  10,  1910.  The  sample  represented  a  6-foot  4-inch  cut  of  coal. 
In  another  place  the  coal  was  6  feet  4  inches  thick,  with  a  shale  roof  and  clay  floor. 
The  base  of  the  coal  was  not  reached,  but  the  thickness  reported  is  7  feet  4  inches. 

The  sample  was  taken  near  the  mouth  of  the  drift. 

The  relations  of  this  coal  bed  are  indicated  by  Fhalen  <>.  These  descriptions 
include  a  consideration  of  the  geologic  position  of  the  coal,  together  with  notes  on 
its  physical  and  chemical  character. 

Herbert.    Prospect. 

Sample. — Bitimiinous  coal,  Cumberland  Plateau  field;  analysb  No.  10916  (p,  101). 

Mine. — ^Prospect  on  State  land  near  Herbert  post  office,  about  4  miles  directly  north 
of  Saratoga  Springs  and  14  miles  northwest  of  Pikeville,  the  county  seat  of  Bledsoe 
County. 

Coal  bed. — ^The  coal  is  provisionally  correlated  with  the  Sewanee  coal.  Carboniferous 
system,  Pennsylvanian  series,  Pottsville  group,  Walden  sandstone  formation.  Roof, 
shale;  floor,  clay. 

The  bed  was  measured  and  sampled  on  September  16,  1910,  by  H.  G.  Hart,  under 
the  direction  of  W.  0.  Phalen.  The  sample  represented  a  3-foot  cut  of  coal.  It  was 
collected  at  the  face  of  a  new  opening  which  had  been  driven  about  10  feet. 

Notes. — ^The  prospect  was  not  being  worked  at  the  time  of  collection. 

LrrroN.    A.  L.  Haxe  Mine. 

Sample. — ^Bituminous  coal;  Cumberland  Plateau  field;  analysis  No.  12584  (p.  101). 

Mine. — ^A.  L.  Hale,  a  local  mine  2  miles  northwest  of  Litton,  15  miles  nortbeast  of 
Nashville,  Chattanooga  db  St.  Louis  Railroad  at  Pikeville. 

Coal  6«i.— Angel,  Carboniferous  age,  Pottsville  formation.  Dip  20^  southwest. 
Roof,  sandstone;  floor,  clay. 

The  bed  was  measured  and  sampled  by  W.  A.  Nelson  on  August  31,  1911.  The 
sample  represented  an  8-foot  cut  of  coal. 

LnTON.    Prospect. 

i^omp^*.— Bituminous  coal;  Cumberland  Plateau  field;  analysis  No.  10803  (p.  101). 

Mne.— Prospect  at  the  head  of  Sequatchie  Valley,  4  miles  north  of  Litton  and  12 
miles  northeast  of  Pikeville,  the  terminus  of  the  Sequatchie  Valley  branch  of  the 
Nashville,  Chattanooga  A  St.  Louis  Railroad. 

Coal  bed. — The  position  of  the  coal  is  36  feet  below  the  base  of  the  Sewanee  sand- 
stone. Carboniferous  system,  Pennsylvanian  series,  Pottsville  group.  Lookout  sand- 
stone formation. 

The  bed  was  measured  and  sampled  August  20,  1910,  under  the  direction  of  W.  C. 
Phalen.    Eight  feet  of  coal  was  measured. 

The  sample  was  collected  60  feet  from  the  drift  mouth  in  the  main  and  only  entry. 

Pikeville.    J.  W.  McFarland  Prospect. 

Sample, — Bituminous  coal;  Cumberland  Plateau  field;  analysis  No.  10731  (p.  101). 
Mine. — J.  W.  McFarland  prospect,  4  miles  west  of  Pikeville,  on  the  Cumberland 
Plateau. 

-^  Phalen,  W.  0.,  PreUmlnary  Report  of  the  Coal  Reeouroes  of  the  POreTllle  Special  Qoadrancle  of  Bast- 
>imeaMe:  Tenn.  OeoL  Stirvey  BoU.  9, 1911,  pp.  66-07. 
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Coal  bed. — ^Moigan  Springs.  Carboniferous  system,  Pennsylvanian  series,  Pottsville 
group,  Walden  sandstone  formation.    Roof,  soft  blue  clay,  18  inches  thick. 

The  bed  was  measured  and  sampled  August  3,  1910,  under  the  direction  of  W.  C. 
Fhalen,  in  a  coimtry  bank  approximately  50  feet  from  the  drift  mouth.  The  sample 
represented  a  21^inch  cut  of  coal. 

Note. — ^This  is  the  highest  important  coal  in  the  Cumberland  Plateau-  in  this  region. 

PiKEViLLE.    Vaughn  Bros.  Pbospect. 

Sample. — ^Bituminous  coal;  Cumberland  Plateau  field;  analysis  No.  11049  (p.  101). 

Mine. — Outcrop,  about  10  miles  west  of  Pikeville,  on  Cane  Creek,  above  the  junc- 
tion of  Cane  and  Meadow  Creeks. 

Coal  bed. — ^The  coal  bed  is  provisionally  correlated  with  the  Sewanee  coal.  Car- 
boniferous system,  Pennsylvanian  series,  Pottsville  group,  Walden  sandstone  forma- 
tion.   Roof,  shale;  floor,  clay. 

The  bed  was  measured  and  sampled  by  W.  C.  Phalen  on  October  10,  1910.  The 
sample  represented  a  3-foot  9-inch  cut  of  coal. 

Pikeville.    Vaughn  Bros.  Prospect. 

Sample. — ^Bituminous  coal;  Cumberland  Plateau  field;  analysis  No.  110«50  (p.  101). 

Mine. — From  an  outcrop  on  Cane  Creek,  above  the  junction  of  Meadow  and  Cane 
Creeks.  The  outcrop  is  located  about  10  miles  west  of  Pikeville,  the  county  seat  of 
Bledsoe  County. 

Coal  bed. — Tlie  coal  bed  is  provisionally  correlated  with  the  Sewanee  coal.  Car- 
boniferous system,  Pennsylvanian  series,  Pottsville  group,  Walden  sandstone  forma- 
tion. 

The  bed  was  measured  and  sampled  by  W.  0.  Phalen  on  October  10,  1910.  The 
sample  represented  a  3-foot  2-inch  cut  of  coal. 

CXTHBEBLAND  COXTKTY.a 

Litton.    J.  H.  Hale  &  Son  Prospect. 

Sample. — ^Bituminous  coal;  Cumberland  Plateau  field;  analjrsis  No.  10800  (p.  101). 

Mine. — J.  H.  Hale  &  Son  prospect.  Head  of  Sequatchie  Valley,  4  miles  from 
Litton  post  office  and  12  miles  northeast  of  Pikeville,  the  terminus  of  the  Nashville, 
Chattanooga  &  St.  Loub  Railroad. 

Coal  bed. — Sewanee  (?)  coal.  Occurring  in  the  shale  and  sandstone  interval  above 
the  Sewanee  sandstone.  Carboniferous  age,  Pennsylvanian  series,  Pottsville  group, 
Walden  sandstone  formation.    Roof,  shale. 

The  bed  was  measured  and  sampled  by  H.  G.  Hart,  under  the  direction  of  W.  C. 
Phalen,  on  August  20,  1910. 

The  sample  was  collected  30  feet  from  the  mouth  of  the  prospect  and  represented -a 
5-foot  6-indi  cut  of  coal,  which  was  underlain  by  1  foot  of  bone. 

LrrroN.    J.  H.  Halb  &  Son  Prospecjt. 

Sample. — Bituminous  coal;  Cumberland  Plateau  field;  analysis  No.  10802  (p.  101). 

Mine. — J.  H.  Hale  &  Son' prospect,  head  of  Sequatchie  Vallsy,  4  miles  north  of 
Litton  and  12  miles  northeast  of  Pikeville,  the  terminus  of  the  Sequatchie  Valley 
branch  of  the  Nashville,  Chattanooga  &  St.  Louis  Railroad. 

Coal  bed. — ^Morgan  Springs.  The  highest  important  coal  in  this  part  of  the  Cumber- 
land Plateau.  Carboniferous  age,  Pennsylvanian  series,  Pottsville  group,  Walden 
sandstone  formation.    Roof,  shale;  floor,  clay,  underlain  with  sandstone. 

The  bed  was  measured  and  sampled  August  20,  1910,  under  the  direction  of  W.  C. 
Phalen.    The  sample  represented  a  3-foot  6-inch  cut  of  coal. 

oFor  foller  desoiptioDs  of  the  ooals  here  listed,  see  Bull.  9,  Tennessee  Oeol.  Sarvey,  1011. 
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BHBA  COTTNTY.a 

Dayton.    North  Pole  Minb. 

Sample. — ^Bituminoufi  coal;  Cumberland  Plateau  field;  analyses  Nos.  10689, 10690, 
10691, 10692,  and  10693  (p.  102). 

Mine. — North  Pole,  at  Dayton. 

Coal  bed. — Richland.  Carboniferous  system,  Pennsylvanian  series,  Pottsville 
group,  Walden  sandstone  formation.  The  bed  lies  above  the  Sewanee  sandstone 
(the  lower  conglomerate  member).  In  some  places  the  coal  bed  rests  directly  on  it, 
though  in  other  places  a  few  feet  of  shale  or  clay  intervene.  Locally  a  few  feet  of 
bony  coal  or  ''rash"  occur  between  the  main  coal  and  the  conglomerate.  Roof, 
shale;  floor,  bone  or  clay. 

The  bed  was  measured  and  sampled  at  five  points  by  W.  C.  Fhalen  on  July  30, 1910. 

Sample  10689  was  taken  3,000  feet  from  the  mine  mouth  and  represented  a  25f-inch 
cut  of  coal.    The  lower  7  or  8  inches  of  coal  are  very  soft ;  the  rest  is  hard. 

Sample  10690  was  collected  at  the  face  of  a  room  in  left  heading  5,  about  2,600  feet 
from  mine  mouth,  and  represented  a  23-inch  cut  of  coal.     Roof,  shale;  floor,  clay. 

Sample  10691  represents  the  bony  coal  or  "rash  "  underneath  the  good  coal  in  the 
room  where  sample  10640  was  taken. 

Sample  10692  was  collected  at  the  face  of  left  heading  8,  about  3,000  feet  from  the 
mouth  of  the  mine  and  represented  a  22-inch  cut  of  coal,  with  bony  or  clay  streaks. 
Roof,  massive  shale;  floor,  clay. 

Sample  10693  was  collected  from  the  face  of  right  heading  7,  between  2J00  and 
2,800  feet  from  the  mine  mouth,  and  represented  a  24-inch  cut  of  coal.  Roof,  shale; 
floor,  clay. 

Notes. — ^The  so-called  rash  is  a  bony  coal,  and  the  sample  was  collected  to  prove 
this  point  and  also  to  determine  whether  a  use  might  be  discovered  for  it.  It  is  dis- 
carded in  mining.  It  occurs  locally  between  the  coal  and  the  top  of  the  underlying 
conglomerate. 

The  coal  is  coked  and  the  coke  is  used  by  the  Dayton  Coal  &  Iron  Co.  in  the  com- 
pany's furnace  at  Dayton,  on  the  Cincinnati,  New  Orleans  &  Texas  Pacific  Railroad. 

Dayton.    New  Pbospect  Mine. 

Sample. — Bituminous  coal;  Cimiberland  Plateau  field;  analyses  Nos.  10696,  10697, 
10698,  and  10699  (p.  102). 

Mine. — New  Prospect,  at  Dayton. 

Coal  6«(f.— Nelson.  Carboniferous  system,  Pennsylvanian  series,  Pottsville  group, 
Lookout  sandstone  formation. 

The  bed  was  measured  and  sampled  by  W.  C.  Phalan  on  July  29,  1910. 

Sample  10696  was  taken  at  the  face  of  a  room  in  left  heading  3,  about  1,200  feet 
from  the  mine  mouth.  The  bed  measured  3  feet  10}  inches.  There  was  a  2}  layer 
of  bone  8  inches  from  the  top  of  the  bed.  The  sample  represents  the  lower  3  feet. 
Roof,  sandstone;  floor,  bone,  sometimes  compact,  underlain  with  clay  and  sandstone. 

Sample  10697  was  taken  at  the  face  of  a  room  off  left  heading  2  and  represented 
2  feet  3  inches  of  coal.  The  lower  3  inches  was  laminated  and  soft  coal.  Roof,  hard, 
sandy  clay;  floor,  bone. 

Sample  10698  was  taken  at  the  end  of  the  right  heading  2  and  represented  a  3-foot 
2-inch  cut  of  coal.  Roof,  dense,  compact  clay  with  stringers  of  coal  varying  in 
thickness  from  a  knife's  edge  to  4  inches;  floor,  clay. 

Sample  10699  was  taken  in  the  main  heading,  1,500  to  1 ,600  feet  from  the  mine  mouth, 
and  represented  a  2-foot  5-inch  to  2-foot  7-inch  cut  of  coal,  overlain  by  shale,  coal, 
and  clay.    Floor,  clay. 

a  For  a  fuller  aooount  of  the  ooals  here  listed  see  Bull.  9,  Tennessee  Oeol.  Survey,  1911. 
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Notes, — ^This  is  the  principal  coal  bed  of  the  Lookout  formation,  and  one  of  the  most 
important  in  the  southeastern  part  of  the  Pikeville  Special  quadrangle.  The  coal  is 
coked  and  the  coke  is  used  by  the  Dayton  Coal  &  Iron  Co.  in  ita  furnace  at  Dayton. 

The  daily  output  of  the  mine  at  the  time  of  sampling  was  150  tons. 

UTAH. 
CABBON  COUNTY. 

Hiawatha.    Hiawatha  No.  1  and  No.  2  Mines. 

Sample.— BituimnouB  coal;  Book  Cliffs  field;  analyses  Nos.  10904,  10905,  10907, 
and  10908  (p.  103). 

Mine. — Hiawatha  No.  1  and  No.  2;  drift  mines  at  Hiawatha;  railroad  connections 
via  Utah  Southern  Railway  to  Rio  Grande  &  Western  Railway  at  Price,  23  miles 
distant. 

Coal  bed. — ^Hiawatha.  Cretaceous  age,  Mesaverde  formation.  Thickness,  15  feet. 
Dip,  1^  southeast  in  No.  1  mine  and  1^  southwest  in  No.  2  mine.  Roof,  '^draw  slate '' 
18  inches  thick,  with  sandstone  cap  above;  floor,  smooth,  hard  sandstone.  The  cover 
at  pointa  where  samples  were  taken  is  150  to  300  feet. 

The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  H.  M.  Wolflin,  on 
September  9,  1910,  as  described  below: 

Sections  of  coal  bed  in  HiavxUha  No.  i  and  No.  t  mines. 


Section 

LaboratoiyNo 

Bocrf.  shale. 

Top  coal 

Coal,  bony 

Coal,  dean 

Coal,  bony 

Coal,  clean 

Coal,  bony 

Coal,  clean 

Coal,  bony 

Coal,  clean 

Fkx^Andstone. 

Thickness  of  bed 

Thickness  of  coal  sampled. 


A 

B 

C 

10004 

10005 

1O0O7 

Ft.    in. 

Ft.    in. 

Ft.    <n. 

•  •    •  • 

m  •            •  • 

a2   6 

«  •    *  • 

•  •     •  • 

aO   5i 

3  11 

5   2 

4   3 

0   1 

0   1 

•  •    •  • 

0   i 

•  •     •  • 

*  •    •  • 

7   2 

•  •    •  * 

6   2 

•  •     •  • 

6   0 

•  •     •  • 

•  •    •  • 

11   2 

•  •    •  • 

11   5 

13  3 

11   2 

11   5 

10   3i 

D 

10006 

Ft.     in. 

Vo    '7i 
4     3 
aO     4 


1 
0 
3 
0 


•i 

10 


11      7 
10     7i 


a  Not  included  in  sample. 

Section  A  (sample  10904)  was  measured  at  the  face  of  room  7  oft  left  entry  1,  atadepth 
of  300  feet  below  the  surface  at  No.  1  mine. 

Section  B  (sample  10905)  was  measured  at  the  face  of  left  aircourBe  2  at  No.  1  mine. 

Section  C  (sample  10907)  was  measured  at  the  face  of  room  2  off  dip  entry  2  at  No.  2 
mine. 

Section  D  (sample  10908)  was  measured  at  the  face  of  room  1  off  rise  entry  2  at  a 
depth  of  150  feet  below  the  surface  at  No.  2  mine. 

Notes. — At  the  time  of  sampling  the  screening  plant  was  equipped  for  producing 
if  I,  1|,  and  3-inch  coal.  No  hand  picking.  There  were  4  loading  tracks  with  a 
capacity  for  60  cars. 

The  mine  was  worked  by  the  room-and-pillar  system;  in  the  rooms  the  coal  was 
undercut  and  shot  down  with  permissible  explosives;  some  black  powder  was  also 
used;  in  the  entries  the  coal  was  shot  from  the  solid;  daily  output  1,000  tons;  coal 
acreage  3,260.  A  gravity  incline  connected  the  mines  with  the  tipple  2  miles  down 
the  canyon.    Mines  began  shipping  coal  in  February,  1910. 
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Pbick.    Jesse  Kxight  Pbospect. 

Sample. — ^Bitumiiiooscoftl;  Book CHfis field;  analyfls No.  14678  (p.  103). 

Mme.—^eme  Kni^t,  a  prospect  in  Right  Fork  ol  Desdman  Canyon  in  SE.  \  sec.  7, 
T.  13  S.,  R.  11  E.,  9  miles  northeast  of  Price,  Utah,  which  is  on  the  Denver  d  Rio 
Grande  Railroad. 

Coal  bed. — No  name.  Cretaceous  age,  Mesaverde  formation.  This  is  the  same 
bed  from  which  sample  No.  14801  was  taken,  and  in  this  vicinity  dips  about  5® 
N.-NE. 

The  bed  was  measured  and  sampled  on  August  28, 1912,  by  F.  R.  Clark,  as  described 

below: 

Section  of  coal  bed  in  Jesse  Knight  prospect. 


Labontoiy  No. 


OmJ 

8I»]0,  Miidy. 
OmJ 


ThickiMMofbed , 

Thlclm—  of  ooal  mnptod . 


14S78 
Ft.  ta. 

1      2 
•  0      3 

5      3 


6      8 
6      5 


a  Not  Included  in  gample. 

Notes. — ^The  prospect  was  worked  only  during  the  winter  season  for  local  use.  The 
coal  is  jet  black,  massive,  with  joint  planes  parallel  to  the  strike  of  the  beds.  The  sam- 
ple was  collected  at  a  point  90  feet  N.  70^  W.  from  opening.  Hie  coal  was  slightly 
weathered. 

SuNNYsiDE.    No.  1  Mine. 

Sample. — ^Bittmiinous  coking  coal;  Book  Cliffs  field;  analysis  No.  12632  (p.  103). 

Mtmj.— No.  1;  in  NE.  J  8E.  }  sec.  32,  T.  14  S.,  R.  14  E.,  at  Sunnyside,  which  is 
reached  by  a  branch  of  the  Denver  &  Rio  Grande  Railroad. 

Coal  bed, — Lower.  Cretaceous  age,  Mesaverde  formation.  Seven  to  9  feet  thick 
in  this  locality.  Roof,  ''soapstone,  *'  said  to  be  very  weak  and  part  of  the  coal  is  left 
for  roof. 

The  bed  was  measured  and  sampled  by  F.  R.  Clark,  September  14, 1911,  at  the  face 
of  the  Fowler  slope  as  described  below: 

Section  of  coal  bed  in  No.  1  mine. 


Laboratory  No , 

Coal 

8hato,  soADfUnM. 

CotI .V. 

ThJckn«88  of  bed , 

Thlcknass  of  coal  sampled  (at  base  of  bed) . 


12632 

Ft. 

in. 

1 

6 

1 

« 

7 

0 

10 

0 

5 

5 

Notes. — Both  beds  (upper  and  lower  veins)  were  being  worked  from  this  mine.    The 

daily  output  at  the  time  of  sampling  was  about  1,600  tons.    The  coal  was  screened 

and  loaded  or  sent  to  crushers  to  be  crushed  for  the  coke  ovens  with  the  coal  from 

No.  3  mine. 

SuNNTsiDB.    No.  3  Mine. 

Sample. — Bituminous  coking  coal;  Book  Cliffs  field;  analyses  Nos.  12546,  12630, 
and  12631  (p.  103). 

Ifin*.— No.  3;  in  SW.  J  SW.  J  sec.  4,  T.  16  S.,  R.  14  E.,  1  mile  southeast  of  Sunny- 
side,  on  branch  of  Denver  A  Rio  Grande  Railroad;  connected  with  the  railroad  by 
the  main  haulage  way  through  No.  2  mine. 
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Coal  bed, — Cretaceous  age,  Mesaverde  formation.  Tw6  beds  are  worked,  the  upper 
and  lower,  which,  in  the  vicinity  of  the  points  sampled,  are  separated  by  only  6  feet 
of  highly  sandy  shale  forming  a  good  roof  in  the  one  case  and  a  good  floor  in  the  other. 
The  lower  bed  is  separated  from  a  massive  sandstone  beneath  by  only  a  few  inches 
of  brown  shale.  The  upper  bed  has  a  sandy  shale  roof  containing  in  places  a  few 
fossil  shells. 

Three  samples  were  collected  from  this  mine  (two  from  the  upper  and  one  from  the 
lower  bed)  by  F.  R.  Clark  in  1911. 

Sample  12546  was  cut  from  the  side  of  the  outlet  airway  in  NW.  J  SW.  J  sec.  9, 
T.  15  S.,  R.  14  E.  The  sample  includes  coal  from  the  whole  upper  bed  (6  feet  2  inches 
thick).  The  point  from  which  sample  was  taken  is  50  feet  north-northwest  from  the 
surface  opening  and  the  coal  was  weathered  more  or  less. 

Sample  12630,  also  from  the  upper  bed,  was  cut  from  the  face  of  the  second 
crosscut  off  right  entry  1  off  No.  1  rise,  which  is  about  If  miles  southeast  from  the 
mouth  of  the  mine,  and  was  fresh  and  unweathered.  The  coal  is  clean,  black,  and 
massive,  free  from  partings,  and  was  4  feet  8  inches  thick  at  the  point  sampled. 

Sample  12631  from  the  lower  bed  was  taken  from  ''the  dips,''  or  entries  down  the 
dip  from  the  main  haulage  way,  in  the  mine.  The  bed  was  about  8  feet  thick  at 
this  point  (If  miles  southeast  from  mouth  of  the  mine),  but  only  6  feet  10  inches  of 
the  upper  part  of  the  bed  was  included  in  the  sample. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  with  hand  picks  and 
broken  down  with  powder,  and  the  output  was  about  900  tons  daily.  The  greater  part 
of  the  output  was  coked.  No  attempt  was  made  to  keep  the  coal  from  the  two  beds 
separate  as  they  were  so  nearly  alike  in  their  tendencies  to  coke,  as  well  as  other 
physical  and  chemical  characteristics.  The  coal  from  each  bed  was  screened  and 
loaded  into  cars  or  sent  to  the  crusher  to  be  crushed  for  the  coke  ovens. 

SuNNYSiDE.    Prospect. 

Sample. — ^Bitimiinous  coking  coal;  Books  ClifTs  field;  analysis  No.  12545  (p.  103). 

Jftne.— Prospect  in  NE.  J  SW.  J  sec.  5,  T.  15  S.,  R.  14  E.,  three-fourths  of  a  mile 
south  of  Sunnyside,  Sunnyside  district,  on  Sunnyside  branch  of  the  Denver  &  Rio 
Grande  Railroad. 

Coal  bed. — Lower.  Cretaceous  age,  Mesaverde  formation.  Dip,  7®  N.,  SO*'  E. 
The  bed  was  measured  and  sampled  on  July  30, 1911,  by  F.  R.  Clark,  as  shown  below: 

Section  of  coal  bed  in  prospect  three-fourths  of  a  mile  south  of  Sunnyside. 


Laboratory  No 

Coal 

Shale,  saiidy 

Coal 

Coal 

ThJcknefls  of  bed 

TUdmees  of  ooal  sampled . 


Ft. 

<n. 

al 

8 

a2 

2 

a3 

0 

6 

0 

13 

10 

6 

0 

o  Not  included  in  sample. 

The  coal  was  more  or  less  weathered. 

The  sample  was  taken  at  a  point  85  feet  N.  40^  E.  from  mouth  of  dope. 

SuNNTsroE.    Prospect. 

Sample. — Bituminous  coal;  Book  Cliffs  field;  analysis  No.  12792  (p.  103). 

Jfine.— Prospect  in  the  right  fork  of  Rock  Canyon  in  NE.  }  SE.  J  sec.  32,  T.  13 
S.,  R.  13  E.,  or  8^  miles  northwest  of  Sunnyside. 

Coal  bed. — ^No  name.  Cretaceous  age;  Mesaverde  formation.  This  coal  appears 
first  only  about  3  miles  southeast  of  the  prospect.  It  is  a  lower  coal  than  either  of 
those  mined  at  Sunnyside. 
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The  bed  was  measured  and  sampled  on  October  25, 1911,  by  F.  R.  Clark.  The  coal 
was  at  this  point  5  feet  7  inches  thick,  and  a  cut  across  the  bed  was  included  in  the 
sample. 

Notes. — ^The  coal  is  black,  massive,  bright,  and  comparatively  hard.  The  sample 
was  somewhat  weathered,  as  the  cut  was  made  only  200  feet  N.  72^  W.  from  the  mine 
opening,  and  the  face  had  been  exposed  to  the  atmosphere  for  a  long  time. 

SuNNTsiDB.    Prospect. 

Sample.— Bituminous  coal;  Book  Cliffs  field;  analysis  No.  14801  (p.  103). 

Mtm!.— Prospect  in  the  SE.  J.NW.  J  sec.  23,  T.  13  S.,  R.  12  E.,  14  miles  northeast  of 
Wellington,  Utah,  and  12  miles  northwest  of  Sunnyside,  Utah. 

Coal  bed. — Not  named.  Cretaceous  age,  Mesaverde  formation.  Dip  about  5^ 
N.-NW. 

The  bed  was  measiu^  and  sampled  on  September  29, 1912,  by  F.  K.  Clark,  as  shown 
below: 

Section  oj  coal  bed  in  prospect  12  miles  northwest  of  Sunnyside. 


Laboratory  No. 


Bone 

Shale,  Bandy 

Coal 

Bone 

Coal 

Thjokneewofbed 

Thtokneew  of  ooal  sampled . 


14801 

FL 

Hl 

aO 

2 

•  0 

H 

2 

5 

0 

U 

5 

8 

8 

6 

8 

n 

a  Not  included  in  sample. 

The  sample  was  taken  at  a  point  100  feet  S.  40^  E.  from  opening. 

Notes. — The  coal  is  black,  hard,  and  massive,  and  aside  from  the  bone  parting  is 
free  from  impurities.  This  is  the  lowest  bed  in  the  series  at  this  point  that  has  any 
considerable  thickness. 

The  coal  from  the  prospect  was  mined  for  local  use  during  the  winter  season,  but 
there  was  no  railroad  connection. 

EHBBY  COUNTY. 

Emery.    Browning  Minb. 

Sample. — ^Bituminous  coal;  Emery  field;  analysis  No.  12627  (p.  104). 

iftn^.— Browning;  in  the  NE.  i  SW.  i  sec.  33,  T.  22  S.,  B.  6  E.,  about  4  miles  south 
of  Emery. 

Coal  bed. — I.  Cretaceous  age,  Ferron  sandstone  member  of  the  Mancos  formation. 
The  bed  at  this  place  is  22  feet  thick,  which  is  the  greatest  thickness  known  in  any 
coal  bed  in  this  field.    Hoof,  brown  shale;  floor,  brown  shale. 

The  bed  was  measured  and  sampled  by  C.  T.  Lupton  on  September  19,  1911,  as 

described  below: 

Section  of  coal  bed  in  Browning  mine. 


Laboratory  No 

Boof,  brown  shale. 

Coal 

Shale,  brown 

Coal  with  one  or  two  l-inoh  brown  shale  partings . 
Floor,  brown  shale. 

TniokneBS  of  bed 

Thickness  of  ooal  sampled 


12827 

It. 

<». 

•  1 

0 

•  1 

0 

»20 

0 

22 

0 

12 

0 

a  Not  inohided  in  sample. 


fr  Upper  8  feet  not  included  in  sample. 


"^e  sample  was  taken  at  the  back  end  of  the  main  entry  165  feet  N.  85''  E.  from 
•it  mouth. 
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Emert.    Casper  Mine. 

Sample. ^BitvjnmouB  coal;  Emery  field;  analysis  12652  (p.  104). 

Mine.— Casper;  in  the  SE.  J  NW.  J  sec.  26,  T.  22  8.,  R.  6  E.,  about4  miles  southeast 
of  Emery,  in  the  Emery  district. 

Coal  bed. — C.  Cretaceous  age,  Ferron  sandstone  member  of  the  Mancos  formation. 
The  bed  averages  about  9  feet  thick  in  the  immediate  locality.  Hoof,  sandstone; 
floor,  soft  drab  clay. 

The  bed  was  measured  by  C.  T.  Lupton  on  September  23, 1911,  as  described  below: 

Section  of  coal  bed  in  Casper  mine. 


LftboiatoiTNo 

Roof,  sanoitone. 

CoiU 

Sandstone  and  shale 

Coal,  very  bony 

Coalyffood 

Coal,  Bony 

Coal 

Floor,  soft  drab  shale. 

Thickness  of  bed 

ThJckness  of  coal  sampled . 


12652 

Ft. 

in. 

•  1 

3 

al 

H 

aO 

2 

1 

6 

1 

U 

4 

6 

9 

10 

7 

H 

a  Not  included  in  sample. 

The  sample  was  taken  at  the  back  end  of  the  main  entry  about  200  feet  northwest 
from  the  pit  mouth. 

Emery.    Surface  Prospect. 

Sample. — ^Bituminous  coal;  Emery  field;  analysis  No.  14903  (p.  104). 

Surface  prospect.— Caye  under  rock  ledge,  in  theSW.  J  SW.  J  sec.  32,  T.  23  S.,  R. 
6  E.,  about  12  miles  southwest  of  Emery,  in  the  Emery  district. 

Coal  bed. — I.  Cretaceous  age,  Ferron  sandstone  member  of  the  Mancos  formation. 
The  bed  is  about  12  feet  thick  at  this  locality.  Boof,-drab  and  brown  clay;  floor, 
brown  sandstone. 

The  bed  was  measured  and  sampled  by  C.  T.  Lupton  on  September  27,  1912,  as 
described  below: 

Section  of  coal  bed  <tt  surface  prospect  about  12  miles  southwest  of  Emery. 


Laboratory  No 

Roof,  drab  and  brown  clay. 

Coal 

Clay,  brown 

Floor,  brown  sand8t<me. 

Tniokness  of  bed 

Thickness  of  coal  sampled . 


14003 

Ft. 

ifl. 

5 

5 

al 

10 

5 

0 

12 

3 

10 

5 

a  Not  included  in  sample. 

The  sample  was  taken  from  a  surface  prospect  in  a  cave  under  a  rock  ledge  at  the 
place  indicated  above. 

Emert.    Williams  Mine. 

Sample. — ^Bituminous  coal;  Emery  field;  analysis  No.  12613  (p.  104). 

Mn«.— Williams;  SE. }  SW.  J  sec.  12,  T.  22  S.,  B.  6  E.;  about  2i  miles  east  of  Emery. 

Coal  bed. — I.  Cretaceous  age,  Ferron  sandstone  member  of  the  Mancos  formation. 
The  bed  averages  about  6  feet  thick  in  this  part  of  the  field.  Boof,  sandstone  with  a 
little  coal  in  the  lower  part;  floor,  sandy  shale.  This  coal  bed  is  about  250  feet  strati- 
graphically  above  the  base  of  the  Ferron  sandstone  member. 

47664**—Bull.  85—14 22 
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The  bed  was  sampled  and  meaaured  by  C.  T.  Lapton  on  September  14,  1911,  aa 

deacribed  below: 

Section  of  coal  bed  in  WUham§  wdne. 


L*bonrtorT  No                                                     ... 

i 
IXU 

HooLwnagUMm. 

Go«] 

0      44 

BoiMffn^^OOd    a                                                                    .        ^    .             ^ 

0      2 

Cfltl                                  ,     ,                

5      3 

Floor,  MDdy  ftnto. 

TMcknrm  of  h^ 

5      M 

Ttili'hiiffit  of  oosl  nmtilfHl 

1        S      fll 

^^^                  '                                                                                                          1 

The  sample  was  taken  at  the  back  end  of  the  main  entry  200  feet  S.  60^  E.  from  the 
entry  mouth. 

8KVIKK  COUNTY. 

Emert.    Surface  Prospect. 

5amp^.— Bituminoua  coal;  Emery  field;  anstlysia  15061  (p.  104). 

/>)co/um.— Surface  prospect;  in  the  8W.  }  NW.  }  sec.  25,  T.  24  S.,  R.  5  E.,  about  15 
miles  south  of  Emery. 

Coal  bed. — A.  Cretaceous  age,  Perron  sandstone  member  of  the  Mancos  formation. 
The  bed  averages  11  feet  thick  at  this  locality.    Roof,  sandstone;  flo(»r,  brown  shale. 

The  bed  was  measured  by  C.  T.  Lupton  on  November  2, 1912,  as  described  below: 

Section  of  coal  at  mirfaee  pro$pect,  about  15  mile*  $outh  of  Emery. 


lAborstonrNo 

Bool,  maoMtouB. 

Cod,  boor 

Coid,br£bt 

Coal,  doll 

Bona 

Cota,brkht 

Coal,  did! 

Floor,  brown  sbal*. 

ThkikDem  of  b«d 

ThickneM  of  coal  Mmpled. 


15061 

FLHl 

0 

10 

1 

7 

5 

10 

•0 

S 

1 

8 

1 

1 

11 

S 

11 

0 

•  Not  incladwi  In  sample. 
Sample  15061  was  taken  at  a  surface  prospect  at  the  locality  stated. 

Fremont.    Hooan  Prospect. 

Sample. — Bituminous  coal;  Emery  field;  analjrsis  No.  15090  (p.  104). 

ProMpect.—Uof^n;  about  15  miles  northeast  from  Fremont,  in  the  SW.  i  NW.  \ 
sec.  3,  T.  26  8.,  R.  4  E. 

Coal  bed. — A.    Cretaceous  age,  Ferron  sandstone  member  of  the  liancos  formation. 
The  bed  at  this  place  averages  5  feet  thick.    Roof,  shale;  floor,  shale  and  bone. 

The  bed  was  measured  and  sampled  by  C.  T.  Lupton  on  October  21,  1912,  as 
described  below: 

Section  of  coal  bed  in  Hogan  pro$pect. 


Labormtory  No 

Roof,  sbala. 

Coal 

Bona 

Bone  and  bony  coal i      •  1 

Coal 

Fkior  shale  and  booe. 

Tniclniess  of  bed 

ThJckneasofooaleampled 


ISOOQ 

Ft. 

in. 

•  0 

8 

•  0 

5 

•  1 

0 

8 

0 

5 

1 

S 

0 

•  Not  inchidad  In  nrnple. 
The  sample  was  taken  at  the  back  end  of  the  drift,  20  feet  N.  40^  W.  from  the  moutk. 


EVBiSBW 
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Salina.    Kearns  &  DuooiNs  Mine. 

Sample. — Bituminous  coal;  Wasatch  Plateau  field;  analysis  No.  15045  (p.  104). 

Mine. — Kearns  and  Duggins;  about  15  miles  east  of  Salina,  in  the  SW.  i  SW.  i  sec.  7, 
T.  22  S.,  R.  3  E.,  Salt  Lake  Meridian. 

Coal  bed. — ''Duggins."  Cretaceous  age,  Mesaverde  formation.  The  bed  averages 
3  feet  9  inches  thick  at  this  locality.    Roof,  shale;  floor,  hard  gray  sandstone. 

The  bed  was  measured  and  sampled  by  C.  T.  Lupton  on  October  26, 1912,  as  described 

below: 

Section  of  coal  bed  in  Kearns  d:  Duggins  mine. 


Laboratory  No 

Roof,  shale. 

Coal,  coataining  resiii  globales. 

Bone 

Coal 

Floor  Cray  sandstone. 

TliiokiMssofbed 

Thickness  of  coal  sampled 


15045 
Ft.  in. 

2  8 
oO     2 

0   11 

3  g 
3     7 


a  Not  included  in  sample. 
The  sample  was  taken  in  a  room  o£F  the  entry,  178  feet  north  of  the  entry  mouth. 

SUMMIT  COXTKTY. 
Coalville.    Rbes-Grass  Creek  Mixe. 

Sample. — Subbituminous  coal;  Coalville  field;  analysb  No.  13216  (p.  329). 

Mine. — Rees-Grass  Creek,  a  slope  mine  in  SW.  }  sec.  24,  T.  3  N.,  R.  5  E.,  5  milee 
northeast  of  Coalville. 

Coal  bed. — ^Wasatch.  Cretaceous  age.  Frontier  formation.  The  roof  of  the  bed  in 
some  parts  of  the  mine  is  sandstone  and  in  others  shale.    The  floor  is  shale. 

The  bed  was  measured  and  sampled  by  C.  H.  Wegemann  on  October  11, 1911. 

The  sample  was  taken  400  feet  below  the  surface  and  500  feet  east  of  the  main  slope, 
and  represented  an  8-foot  6f-inch  cut  of  coal. 

Notes. — A  slope  is  run  on  the  dip  of  the  bed  about  30^  northwest  and  the  coal  cars 
were  brought  to  the  sur&u^e  by  a  hoisting  engine.    Capacity  of  mine,  150  to  200  tons. 

Coalville.    Superior  BIinb. 

Sample. — Subbituminous  coal;  Coalville  field;  analysis  No.  13217  (p.  329). 

Mine. — Superior,  a  slope  mine  on  the  south  side  of  sec.  16,  T.  2  N.,  R.  5  E.,  1 
mile  southeast  of  Coalville. 

Coal  bed. — ^Wasatch.  Cretaceous  age,  Frontier  formation.  Dip  of  bed  10®  to  15** 
to  the  south. 

The  bed  was  measured  and  sampled  by  0.  H.  Wegemann  on  October  11, 1911,  and 
represented  a  7-foot  6-inch  cut  of  coal. 

The  sample  was  taken  200  feet  below  the  surfoce,  1,000  feet  northwest  of  the  foot 
of  slope. 

Note. — Capacity  of  mine,  150  tons. 

Coalville.    Wasatch  Mine. 

Sample. — Subbituminous  coal;  Weber  River  field;  analysis  No.  13218  (p.  329). 

iftn«.— Wasatch,  a  slope  mine  in  the  SW.  J  sec.  3,  T.  2  N.,  R.  5  E.,  3  miles  north- 
east of  Coalville. 

Coal  6«f.— Wasatch.  Cretaceous  age,  Frontier  formation.  Dip  about  33®  northwest, 
decreasing  to  12®  farther  down  the  slope. 

The  bed  was  measured  and  sampled  by  C.  H.  Wegemann  on  October  11,  1911. 

The  sample  was  taken  on  the  800-foot  level,  3,000  feet  northeast  of  main  slope,  and 
represented  a  10  foot  6-inch  cut  of  coal. 

Note.— 'The  capacity  of  this  mine  at  the  time  of  sampling  was  about  500  tons. 


8S0  ANALYSES  OF  COAL. 

For  analyBea  and  desciiptiotiB  of  other  aamplee  of  coal  from  this  mine  Me  Bull.  22, 
Bureau  of  Hinee,  1913,  pp.  812-813. 

For  a  deecriptLon  of  the  geologic  relatioua  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  286. 

uinta  county. 

Vernal.    Blue  Bed.  Mine. 

Sample. — Bituminoua  coal-  Vernal  field;  analyBiB  No.  10712  (p.  105). 

iftTu.—BlueBell,  amiDeiasec.  S,  T.  3S.,  R.  22  E..  about  7  milei  north  of  Vernal 
and  100  milee  east  of  Heber,  which  ia  the  nearest  stataon  on  the  RJo  Giande  &  Weetern 
Railway. 

Coal  bed.—iio  name.  Cretaceoue  age,  Meeaverde  fonnation.  Thickneee,  7  feet 
8  inches.    Floor,  brown  carbonaceous  shale. 

The  bed  was  measured  and  sampled  by  C.  T.  Lupton  on  Augusts,  1910,  as  described 
below; 

Seelion  of  eoal  btd  in  Blv*  BtU  mine. 

LatwraloiT  No 

Soof ,  Dot  SUtMl. 

CihI,  brlgbt  utd  «dld 

Cool,  bony 

Coal,  bright  tod  solid 

CIsj,  brown,  vary  hud 

S3;b^?..:ii:":::;:;;;:'::'"''"'U^^\"'^""UU'^\^:^\\";\^''::^':ii;:i::: 

Cod.duD 

Cool,  brUbtsiidwiUd 


ThlckncaorcDBl  u 


a  Not  Imladed  In  Munple. 
The  above  sample  was  taken  at  the  face  of  the  entry  about  225  feet  from  the  mouth . 

Vernal.    Green  Mcnb. 
Sample. — Bituminous  c«al;  Vernal  field;  analysis  No.  10713  (p.  106). 
Jfirw.— Green,  amine  in  sec.  13,  T.4S.,  R.  22E.,  8  miles  east  of  Vernal  and  about 
110  miles  east  of  Heber,  which  is  the  neareet  station  on  the  Rio  Giande  &  Weetern 
Railway. 

Coal  bed.—iio  name.  Cretaceous  age,  Meeaverde  formation.  Tbickneee,  4  feet 
8}  inches.  Roof,  gray  sandstone,  about  2  feet  thick;  floor,  gray  sandstone  about  8 
feet  thick. 

The  bed  was  measured  and  sampled  by  C.  T.  Lupton  on  August  2,  1910,  as  de- 
scribed below: 

BecAkm  of  coal  bed  in  Green  mine. 


•  Not  Iwdadod  In  Hmple. 
The  sample  was  taken  at  the  face  of  the  entry,  76  feet  from  the  moutli.    The  coal 
at  this  point  was  slightly  weathered. 


II    Ti 
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Vbrnal.    Reynolds  Mine. 

Sample. — Bituminous  coal;  Vernal  field;  analysis  No.  10812  (p.  105). 

Jfiii«.— Reynolds,  a  mine  in  sec.  20,  T.  3  S.,  R.  19  E.,  about  20  miles  west  of  Vernal 
and  80  miles  east  of  Heber,  which  is  the  nearest  station  on  the  Rio  Grande  &  Western 
Railway. 

Coal  bed. — ^Mancoe.  Cretaceous  age,  Mesaverde  formation.  Thickness,  5  feet  4 
inches;  dip,  20^  south.  Roof,  shale,  about  4  feet  thick;  floor,  shale.  Dip,  20*^  to  the 
south. 

The  bed  was  measured  and  sampled  by  C.  T.  Lupton  on  August  18,  1910,  as 

described  below: 

Section  of  coal  bed  in  Reynolds  mine. 


Laboratory  No 

Roof,  shale. 

Clay  shale  with  streaks  of  ooal  near  bottom . 

Coal,  brisht 

Clay  shale,  brown  and  soft 

Coal,  solid 

Clay  shale,  brown  with  coal  streaks 

Coal,soUd 

Coal,  bonv 

Coal,  solid  and  bright 

Fkx^  brown  clay. 

TnicknesB  of  bed 

Thickness  o  f  coal  sampled 


10812 

Ft. 

in. 

aO 

7* 

aO 

2 

aO 
2 

n 

aO 

2 

0 

6 

aO 

4 

1 

2| 

5 

4 

3 

10 

a  Not  included  in  sample. 
The  sample  was  taken  at  the  face  of  the  main  entry  about  210  feet  from  the  surface. 

WASATCH  COUNTY. 
Hanna.    Prospect. 

Sample. — Subbituminous  coal;  Blacktail  Mountain  field;  analysis  No.  10998  (p.  105). 

Mine. — This  prospect,  in  .sec.  26,  T.  1  S.,R.9  W.,  on  Red  Creek,  is  about  15  miles 
southwest  of  Hanna  post  office  and  30  miles  east  of  Heber,  which  is  the  nearest  station 
on  the  Rio  Grande  &  Western  Railway. 

Coal  bed, — Cretaceous  age,  Mesaverde  formation.  Thickness,  about  24  feet.  Roof, 
a  brown  shale,  which  contains  a  small  amount  of  bone  and  coal;  floor,  a  brown  clayey 
shale. 

The  bed  was  measured  and  sampled  by  C.  T.  Lupton  on  September  13,  1910,  as 
described  below: 

Section  of  coal  bed  in  prospect  15  miles  southwest  of  Hanna. 


Laboratory  No 

Ro(rf,  shale. 

Coal,  bright  and  hard 

Shale,  brown 

Coal,  bright  and  hard 

Ooal, dunand  slightly  dirty . 
Floor,  clay  shale. 

Thickness  of  bed 

Thickness  of  ooal  sampled. . 


J^. 

In. 

18 

6 

aO 

U 

4 

5 

1 

9 

24 

9i 

24 

8 

o  Not  included  in  sample. 

The  above  sample  was  taken  at  the  face  of  the  entry  about  100  feet  from  the  mine 

mouth. 

Hanna.    Winchbstbr  Pbospbct. 

Sample. — ^Lignite;  Blacktail  Mountain  field;  analysis  No.  10997  (p.  105). 

Mine. — Winchester,  a  prospect  in  sec.  7,  T.  1  S.,  R.  7  W.,  on  Farm  Creek  about  3 
miles  east  of  Hanna  post  office  and  40  miles  east  of  Heber,  which  is  the  nearest  station 
on  the  Rio  Grande  &  Western  Railway. 


882  AHALTSES  09  COAL. 


Coal  bed.—MMDeoB,    Oteteoeous  age,  Meaavefde  formation.    Thickiieas,  aboat  5 

feet. 

The  bed  was  examined  and  nmpled  by  C.  T.  Lupton  on  September  9, 1910,  aa 

described  below: 

Section  of  coal  bed  in  Winehetler  prospect. 


hebonUfry'So , 

Roof,  grajr  ■uutetone. 

Coaly  oontainiDf  loMM  of  ■uutetone. . 

Coal,  cood  and  night 

Floor,  carbooaoaooa  ahale. 

TnlPkiMMi  of  bed 

ThlBkiwi  of  coal  gamplad 


10997 
FL   te. 
•  0       1 
4      10 

4      11 
4      10 


•  Not  tndndod  in  lample. 
The  above  aami^e  was  taken  about  10  feet  down  the  slope  from  the  entry  mouth. 

HSBER.      CUMMINOB  MiNB. 

Sample, — Subbituminous  coal;  Blacktail  Mountain  field;  analysis  No.  11058 
(p.  105). 

Mine. — Cummings;  an  abandoned  mine  in  sec.  31,  T.  1  S.,  R.  10  E.,  on  Cuiient 
Creek,  about  28  miles  southeast  of  Heber,  which  is  the  nearest  station  on  the  Rio 
Grande  &  Western  Railway. 

Coal  M.— Not  named.  Cretaceous  age,  Mesaverde  formation.  Thickness,  about 
13  feet. 

The  sample  was  taken  by  C.  T.  Lupton  in  September,  1910,  and  represented  a 
10-foot  6-inch  cut  of  coal.  The  mine  was  more  or  less  caved  and  the  sample  was 
taken  from  a  good  surface  exposure.    . 

VIRGINIA. 
DICKENSON  COXTNTY. 

CuNTwooo.    Elbert  Powers  Mine. 

Sample. — Bituminous  coal;  central  Appalachian  field;  analjrsis  No.  14767  (p.  105). 

Mine. — Elbert  Powers,  a  local  mine,  3  miles  southeast  of  Olintwood. 

Coal  bed. — Supposed  to  be  Olintwood.    Carboniferous  age,  Pottsville  formation. 

Roof,  bone;  floor,  coal;  cover,  25  feet. 

The  bed  was  measured  and  sampled  by  W.  A.  Nebwn,  September  17,  1912,  as 

described  below: 

Section  of  coal  bed  in  Elbert  Powers  mine. 


Laboratory  No 

Roof,  not  ttatad. 

Coal 

Bone 

Coal 

"Rash" 

Coal 

"Raah" 

Coal 

Floor,  coal. 

Tnicknefls  of  bad 

Thickness  of  coal  sampled , 


14767 

Ft. 

<». 

«2 

7» 

aO 

7 

1 

11 

0 
0 
0 

a 

2 

4 

7 

4 

lOi 

8 

a  Not  inoladed  In  sample. 
The  section  was  measured  in  the  main  entry  20  feet  from  the  mine  mouth. 

CuNTWooD.    Yeatbs  Mike. 

Sample. — ^Bituminous  coal;  central  Appalachian  field;  analysis  No.  14766  (p.  105). 

Jtftn^.— Yeates,  a  local  drift  mine  near  Clintwood,  5  miles  west  of  the  Clinchfield, 
Carolina  &  Ohio  Railroad. 

Coal  6e(f.— Clintwood.  Carboniferous  age,  Pottsville  formation.  Thickness,  uni- 
form.   The  bed  lies  flat.    Roof,  shale;  floor,  shale. 


VIRGINIA:  HENBICO  COUNTY. 


833 


The  bed  was  measured  and  sampled  by  W.  A.  Nelson  on  September  21,  1912,  as 
described  below: 

Section  of  coal  bed  in  YeaUa  mine. 


Laboratory  No 

Roof,  shale. 

Bone : 

Coal 

Bone 

Coal 

Bone 

Coal 

Bone 

Coal 

Bone 

Coal 

Floor,  shale. 

Tnioknessofbed 

Thickness  of  ooal  sampled 


14766 
Ft.    in. 


0 
0 
0 


0 
0 
0 
1 


1 

9 
2 


0  8i 
0  l\ 
0     3) 


li 

3 

1 

8 


4      2| 

4      2} 


The  bed  was  measured  at  the  end  of  right  entry  1,  off  the  main  entry,  100  feet  from 

the  main  entry. 

HENBIOO  COITNTY. 

Gatton.    Oabbon  Hill  Mine. 

Sample. — Semibituminous  coal;  Richmond  basin  field;  analyses  Nos.  15050  and 
15051;  also  natural  coke  analysis  No.  15052  (p.  106). 

Mine. — Carbon  Hill,  a  slope  mine  1  mile  from  Gayton  and  connected  by  private 
railroad  line  to  the  Chesapeake  &  Ohio  Railroad  at  Lorain. 

Coal  beds. — ^B  and  C.  Triassic  age,  Newark  series.  The  bed  has  an  approximate 
dip  of  35^  to  the  west.  Occasional  faults  are  encoimtered.  The  B  seam  contains 
numerous  bands  of  shale.  The  floor  of  the  B  bed  is  an  imderclay;  the  roof  of  the  B 
bed  and  the  roof  and  floor  of  the  0  bed  are  shale.  The  C  bed  has  been  coked  in 
places  by  the  heat  of  igneous  intrusions. 

The  B  bed  was  measured  and  sampled  at  one  point  and  the  C  bed  at  two  points  in 
the  mine  by  H.  I.  Smith  on  November  3,  1912,  as  described  below : 

SectUma  of  C  bed  in  the  Carbon  Hill  mine. 


Sectkm 

Laboratory  No 

Roof.shale. 

Natoralooke 

Coal 

Fkxv.  oarboiiBHOeous  shale. 

Tnioknessofbed 

Thidmess  of  ooal  sampled 


A 

B 

15050 

1S062 

Ft.  in. 

Ft.    in. 

aO      2 

2     3 

3      4 

al      0 

3      6 

3      3 

3      4 

2     3 

a  Not  Included  in  sample. 
Section  ofB  bed  in  the  Carbon  Hill  mine. 


LabotatoryNo 

RoQl,  "draw  slate.'' 

Coal,  hard 

Shale 

Coal  streaked  with  shale. . 

Whftli^ 

Coal,  very  fHable 

Shale 

Coal 

Coal....! 

Floor,  clay. 

Tuiolmess  of  bed 

Thkdmess  of  ooal  sampled 


15061 

Ft. 

in. 

1 

0 

aO 

1 

0 

6 

0 

h 

1 

0 

0 

k 

0 

11 

aO 

1 

1 

3 

4 

11 

4 

9 

a  Not  included  in  sample. 
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Section  A  (sample  15050)  was  taken  in  the  main  gangway,  opposite  room  45  (0  bed). 

Section  B  (sample  15052)  was  taken  in  the  main  gangway,  opposite  room  32  (C  bed). 

Sample  15051  was  measured  at  the  face  of  right  gangway  1  off  slope  3,  20  feet  ahead 
of  room  21  (B  bed). 

Notes. — ^The  Carbon  Hill  mine  is  opened  by  a  slope  which  strikes  the  coal  a  short 
distance  from  the  sur&tce  and  follows  the  dip  of  the  coal.  At  the  time  of  sampling  the 
coal  was  undercut  by  hand  and  shot  down  with  a  permissible  explosive.  The  coal 
mined  was  washed  on  account  of  the  ''slate''  partings  in  B  bed  being  very  brittle. 
It  is  estimated  that  one-fourth  of  the  coal  mined  was  lost  in  washing  by  breaking 
to  a  very  fine  slack.  It  was  claimed  that  the  none  had  been  worked  at  intervals 
for  100  years,  and  that  it  had  a  probable  life  of  100  years  more.  The  future  tonnage 
was  to  be  derived  from  both  pillar  and  advanced  workings.  Pillars  had  not,  as  yet, 
been  pulled.  The  daily  output  of  the  mine  was  150  tons,  with  a  maximum  day's 
run  of  345  tons.  This  amount  was  to  be  increased  to  600  tons.  Pickers  were  em- 
ployed on  both  the  cars  and  on  belt.  The  coal  loaded  was  fine,  containing  practi- 
cally no  lump.  There  were  two  loading  tracks  with  a  capacity  of  15  loaded  cars  and 
15  empty  cars.    Only  the  B  and  C  beds  were  being  worked. 

For  a  description  of  the  geological  relations  of  these  coal  beds,  see  19th  Annual 
Kept,  1897-98,  U.  S.  Geol.  Survey,  1899,  p.  474. 

BU88BLL  COUNTY. 

Dantb.    No.  2  and  No.  5  Mines. 

i9amp2e.— Bitimiinous  coal;  Russell  Fork  field;  analyses  Nos.  10734,  10735,  10737, 
and  10738  (p.  106). 

Mine, — Nos.  2  and  5,  drift  mines,  2  miles  north  of  Dante  on  the  Carolina,  CUnchfield 
&  Ohio  Railway. 

Coal  bed, — ^Upper  Banner.  Carboniferous  age,  Norton  formation.  Average  thick- 
ness, 5  feet  2\  inches.    Roof,  gray  shale,  of  good  quality;  floor,  smooth  hard  shale. 

The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  P.  M.  Riefkin  on 
August  13, 1910,  as  described  below: 

Sections  of  coal  bed  in  No.  f  and  No,  6  mines. 


Sectkm 

Laboratory  No 

Roof,  crav  sliale. 

Coal,iiard 

Coal 

Mother  ooal 

Coal,  hard 

Coal 

Sandstone 

Coal 

Shale 

Coal 

Goal,  hard 

Coal. 

Mother  coal 

Coal 

Floor,  hard  smooth  shale. 

Thiekneasofbed 

Thidcness  of  ooal  sampled 


D 
10738 

0   8 


SI 


0 
ao 

0 
00 

0 
0 
1 


4 
1 

I 
0 


6    5| 
6    S 


a  Not  included  in  sample. 

Section  A  (sample  10734)  was  measured  at  the  face  of  the  butt  heading  off  the  fourth 
left  drift  off  the  McClure  entry.  No.  2  mine. 

Section  B  (sample  10735)  was  measured  in  room  16,  off  right  heading  3,  off  the  first 
drift  off  the  McClure  entry.  No.  2  mine. 

Section  C  (sample  10737)  was  measured  at  the  face  of  room  14,  right  heading  5,  off 
drift  9,  No.  5  mine. 


vibginia:  wise  county. 


335 


Section  D  (sample  10738)  was  measured  from  the  butt  on  left  heading  9,  off  drift 
9,  No.  5  mine. 

Noie», — ^These  mines  are  opened  by  drift  entries  and  deliver  the  coal  over  the  same 
tipple.  At  the  time  of  sampling  the  coal  was  iindercut  by  machines  and  shot  down 
with  black  powder.  •  A  new  tipple,  iinder  construction,  was  to  be  equipped  to  produce 
various  commercial  sizes.  There  was  one  loading*  track  with  a  capacity  of  40  cars. 
The  combined  daily  production  of  the  two  mines  was  1,600  to  1,700  tons,  obtained 
from  both  advance  and  pillar  workings.  It  was  stated  that  the  production  of  the 
mines  would  probably  be  increased  to  about  2,400  tons. 

WI8B  COUNTY. 
Flat  Gap.    Reuben  Bollino  Mine. 

Sample. — Bituminous  coal;  central  Appalachian  field;  analysis  No.  15174  (p.  107). 

ifin^.^-Reuben  Boiling.  Local  mine  2  miles  east  of  Flat  Gap  and  10  miles  from 
nearest  railroad. 

Coal  bed. — Lower  Boiling.  Carboniferous  age,  Pottsville  formation.  Thickness, 
uniform,  flat;  roof,  shale;  floor,  clay;  cover,  25  feet. 

The  bed  was  measured  and  sampled  by  Charles  Butts,  November  1,  1912,  as  de- 
scribed below: 

Section  of  coal  bed  in  the  Reuben  Boiling  mine. 


Laboratory  No. 
Roctf,  shale. 

Ooal 

aay 

Coai , 

Clay 

Coai. 


Floor,  day. 

Tliiclmeasorbed. 


Thickness  of  ooal  sampled . 


15174 

Ft.  in. 

ao     4 

aO    10 

1      6 

0  1 

1  6 

4      1 

2  11 


a  Not  induded  in  sample. 
The  bed  was  measured  in  the  entry  15  feet  from  mine  mouth. 

Glamoboan.  Glamorgan  No.  3  Mine. 

Sample. — Bituminous  coal;  central  Appalachian  field;  analysis  Nos.  15100  and 
15101  (p.  107). 

Mine. — Glamorgan  No.  3,  a  drift  mine  at  Glamorgan,  on  the  Wise  Terminal  Railroad. 

Coal  bed. — Glamorgan.  Carboniferous  age,  Pottsville  formation.  Thickness,  vari- 
able, nearly  flat;  roof,  shale;  floor,  shale. 

The  bed  was  measured  and  sampled  by  Charles  Butts,  November  5,  1912,  as  de- 
scribed below: 

Sections  of  coal  bed  in  QUmwrgan  No.  S  mine. 


Seetloa 

Laboratory  No. 

Roof,  shale. 

Coal 

Booea 

Coal 

Booea 

Coal 

Floor,  not  stated. 

TnickiiRasofbed 

Thickness  of  ooal  sampled 

a  Not  induded  in  sample. 


A 

16100 

Ft. 

in. 

1 

9 

aO 

1 

1 

10 

aO 

H 

0 

8 

4 

H 

4 

3 

B 
16101 
Ft.    in. 

3      8 
ao       1 

0       7 


4 
4 


4 

8 
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Section  A  (sample  15100)  was  measured  at  the  face  of  the  second  dip  entry,  6,000 
feet  from  the  mine  mouth. 

Section  B  (sample  15101)  was  measured  at  the  face  of  the  Glady  entry,  7,000  feet 
from  the  mine  mouth. 

Note. — The  coal  from  this  mine  is  of  good  coking  quality. 

Pardee.    Pardee  Mine. 

Sample. — ^Bituminous  coal;  central  Appalachian  field;  anal3rBi8  No.  15099  (p.  107.) 

Mine, — Pardee;  a  drift  mine  at  Pardee,  on  the  Roaring  Fork  Railroad. 

Coal  bed. — Pardee  (Limestone,  Parsons).  Carboniferous  age,  Pottsville  formation. 
Thickness,  uniform,  flat;  roof,  shale;  floor,  shale. 

The  bed  was  measured  and  sampled  by  Charles  Butts,  November  6, 1912,  and  repre- 
sented a  9-foot  7-inch  cut  of  coal. 

The  section  was  measured  at  face  of  main  entry,  2,000  feet  from  drift  mouth. 

Note. — The  coal  was  hard. 

WASHINGTON.** 
KINa  COUNTY. 

Grand  Ridqe.    Grand  Ridqe  Mine. 

iS'omp^.— Subbituminous  coal;  analyses  Nos.  11736,  11737,  11738  (p.  107). 

Mine. — Grand  Ridge,  a  slope  mine  one-fourth  mile  east  of  Grand  Ridge  and  3 
miles  east  of  Issaquah,  in  the  SE.  i  NE.  i,  sec.  26,  T.  24  N.,  R.  6  £.,  on  the  North 
Bend  branch  of  the  Northern  Pacific  Railway. 

Coal  beds. — No.  3,  No.  4,  and  No.  7.  Tertiary  (Eocene)  age,  Puget  formation. 
Dip,  about  32*»  NW. 

The  beds  were  measured  and  sampled  on  February  9,  1911,  by  G.  W.  Evans,  as 
described  below: 

Sections  of  coal  beds  in  the  Grand  Ridge  mine. 


Section 

Laboratory  No 

Roof:  Section  A,  sandstone;  section  B,  shale;  section  C,  shale. 

CJoal 

Shale,  carbonaceous 

Cla  V,  white,  plastic 

Clay,  white,  plastic ! 

Bone  and  coal 

Coal 

Shale,  laminated 


aay,  plastic. 


Coal,  somewhat  bony. 


CUt,  plastic 
Coal,impare 


Shale,  carbonaceous 

Floor:  Section  A.  sandstone;  sections  B  and  C,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

11736 

11737 

Ft.   in. 

Ft.   in. 

1      7 

•  •         •  • 

aO     3 

aO     4 

aO     e 

•  •         •  • 

1    11 

3      1 

aO      6 

•  •         •  • 

al      2 

•  •         •  • 

o6      4 

•  •         •  • 

•  •         •  • 

•  •         •  * 

•  •         •  • 

•  •         •  • 

6      2 

•  •        •  • 

3     5 

8    e 

3      1 

C 

11738 

Ft.  in. 

1  e 

a  6  *i 

1  5 

aO  i 

•  •  •  * 

1  7 


aO 
0 
aO 
aO 
al 


6 
8 
6 
6 
1 


7      7* 
6     2 


a  Not  included  in  sample. 

Section  A  (sample  11736)  was  collected  from  the  No.  3  bed,  on  the  left  side  of 
chute  4.    The  sample  was  dry  when  taken. 

Section  B  (sample  11737)  was  collected  from  the  No.  4  bed,  on  the  north  side 
where  the  rock  tunnel  cuts  the  bed.    The  sample  was  damp  when  taken. 

Section  €  (sample  11738)  was  collected  from  bed  No.  7.  The  sample  was  wet  when 
taken. 

Note. — The  output  from  each  of  beds  Nos.  3,  4,  and  7  was  250  tons  a  day. 


a  For  a  detailed  discussion  of  Washington  coab  see  U.  S.  Oeol.  Surrey  Bull.  474. 
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Ellensbubo.    Buchannon  Prospect. 

Sample. — ^BituminouB  coal;  ManaHtaah  field;  analysis  No.  13267  (p.  107.) 

Locality. — Buchannon  prospect,  in  sec.  16,  T.  18  N.,  R.  15  E.,  about  25  miles  west 
of  EUensburg,  which  is  on  the  Northern  Pacific  and  the  Chicago,  Milwaukee  &  Puget 
Sound  Railways. 

Coal  beds. — No.  lOd.  Tertiary  (Eocene)  age,  Manastash  formation.  Thickness, 
3  feet  9^  inches. 

The  bed  was  measured  and  sampled  by  E.  J.  Saunders  on  August  2,  1911,  as 
described  below: 

Section  of  coal  bed  in  prospect^  25  miles  west  of  Ellensburg. 


Laboratory  No. 


Bone  and  coal 

Shale,  crashed 

Coal  and  bone 

Coal  (lenses) 

Coal,  soft,  with  shale. 
Coal. 


Coal,  soft,  with  shale 

Thickness  of  bed 


Thickness  of  coal  sampled 


13267 

Ft 

in. 

0 

3 

aO 

8 

0 

5 

0 

3i 

0 

5 

1 

5 

0 

4 

3 

^ 

3 

U 

a  Not  included  In  sample. 

The  sample  was  collected  from  the  face  of  the  entry,  35  feet  northeast  of  its  mouth. 
The  sample  was  wet  when  taken. 

Ellensburg.    Prospect. 

Sample. — Bituminous  coal;  Manaatash  field;  analysis  No.  13266  (p.  107). 

Locality, — Prospect  in  sec.  22,  T.  18  N.,  R.  15  E.,  about  25  miles  west  of  EUensbiug, 
which  is  on  the  Northern  Pacific  and  the  Chicago,  Milwaukee  &  Puget  Sound  Railways. 

Coal  bed. — No.  7.  Tertiary  (Eocene)  age,  Manastash  formation.  Roof  and  floor, 
shale.    Thickness,  2  feet  10}  inches. 

The  bed  was  measured  and  sampled  by  E.  J.  Saunders  on  August  1,  1911,  as  de- 
scribed below: 

Section  of  coal  bed  in  prospect,  25  miles  west  of  Ellensburg. 


Laboratory  No 

Roof,  shale .' 

Coal,  bony 

Coal 

Bone 

Coal 

Coal  and  bone  (crushed). . 
Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


13266 
Ft  in. 

0     8} 


0 

oo 

1 

0 


6 
1 
4 
3 


2    1 
2 


SI 


a  Not  included  in  sample. 

The  sample  was  collected  from  face  of  the  entry,  30  feet  from  the  mouth.    It  was 
dry  when  taken. 
Note. — ^The  mine  was  idle  at  the  time  of  sampling. 

Ellensburg.    Prospect. 

Sample. — Bituminous  coal;  Manastash  field;  analysis  No.  13268  (p.  107). 

Locality.— VroBpect  in  sec.  22,  T.  18  N.,  R.  15  E.,  about  25  miles  west  of  Ellens- 
burg, which  is  on  the  Northern  Pacific  and  the  Chicago,  Milwaukee  &  Puget  Sound 
Railways. 
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Coal  bedi.—Ho.  Oc.    Terdaiy  (Eocene)  age,  ManMluh  fonnatkn. 
The  bed  was  nieamired  and  sampled  by  £.  J.  Saimden  on  Aiigiist  1, 1911, 
below: 

Section  of  coal  bed  in  prospect,  tS  mUa  wett  of  EUentburg. 


L«boffmt4MrT  No. 
RooTflMfe. 
Shale, 

Coal,  flkhtlj  boii7 

Coal,  foft,  sod  thftto 

Coal 

Shale,  cartMoaeeoof 

Floor,  ihale. 

TlilekiMaiorbed 

ThlekiMH  of  coal  sampled . 


Ft  im. 

•  0  S 
.0  • 

1  0 

1  8 

•  0  3 

3  e 

3  3 


•  Not  faidiided  in  sample. 

The  sample  was  collected  from  the  face  of  the  entry,  40  feet  from  its  mouth.  It 
was  wet  when  taken. 

ROSLTN.      ROSLTN  No.   1   AND  No.   2  MiNSS. 

i9amp2f.— Bituminous  coal;  analyses  Nos.  11522,  11523,  11524,  11525,  and  11256 
(p.  107). 

Mme$. — Roslyn  No.  1  and  No.  2,  slope  mines  at  Roslyn,  in  sees.  8  and  9,  T.  20  N., 
R.  15  E.,  on  a  branch  of  the  Northern  Pacific  Railway,  with  which  line  it  connects  at 
Clealum. 

Coal  bed. — Roslyn.  Eocene  age,  Roslyn  formation.  Average  thickness,  4  feet 
4  inches;  dip  of  bed  in  No.  1  mine,  9^  W.,  and  in  No.  2,18^  W.;  roof,  gray  shale,  10  feet 
thick  in  Mine  No.  1,  and  18  to  20  feet  thick  in  mine  No.  2;  floor  in  each  mine,  smooth, 
hard  clay,  in  places  more  or  less  shaly;  cover,  at  points  where  samples  were  taken, 
30  to  120  feet  thick. 

The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  H.  M.  Wolflin, 
on  January  2,  1911,  as  described  below: 

Sections  of  coal  bed  in  Roslyn  No.  1  and  No.  2  mines. 


Beotkni 

Laboratory  No 
Rooffflhale. 

Coal,M>ft.. 

Coal,Blaty. 

Coal,  hard. 

Coal,M>ft 


Coal,  Milphnroai. 


Coal,M>l 
Coal,  bony. 

Coal,  soft 

Floor,  clay. 

Thio knees  of  bed 

Thfekness  of  coal  sampled. 


A 

B 

C 

D 

11222 

1U23 

11S24 

1U26 

Ft.  M. 

Ft.  M. 

Ft,  ««. 

FU  Hu 

1     IJ 

•  •         •  ■ 

J  1 

1      1» 

•  •         •  • 

3      e 

0  4 

m  •                  •  • 

1      6 

I  i 

0     V 

aO     3 

S  1 

•  •                 m  • 

•  •            •  ■ 

•  •                 •  • 

•  •            •  • 

0       3 

1     6 

1      3 

1      0 

1       7 

1  il 

3    lU 

3    4 

3    111 
3    Uf 

4       3 
4       3 

a  Not  tnchided  In  sample. 

Section  A  (sample  11522)  was  measured  at  the  face  of  the  southwest  slant  entry  of 
the  No.  1  mine,  at  a  depth  of  80  feet  below  the  surface. 

Section  B  (sample  11523)  was  measured  at  the  face  of  east  entry  1,  in  the  No.  1 
mine,  120  feet  below  the  surface. 

Section  C  (sample  11524)  was  measured  at  the  face  of  west  entry  2,  in  the  No.  1 
mine,  100  feet  below  the  surface. 

Section  D  (sample  11526)  was  measured  at  the  face  of  the  main  slope  of  the  No. 
2  mine,  30  feet  below  the  surface. 

A  composite  sample  was  made  by  mixing  samples  11522,  11523,  and  11324.  The 
results  of  an  ultimate  analysis  of  the  sample  are  given  under  laboratory  No.  11525. 
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Notes. — ^At  the  time  of  sampling  none  of  the  coal  from  these  mines  was  shipped  as 
nm-of-mine.  About  50  per  cent  of  the  coal  passed  through  2}  to  3  inch  bar  screens. 
The  coal  was  not  hand  picked.  There  were  three  loading  tracks,  with  a  capacity  for 
30  or  40  cars.  Each  mine  had  its  own  tipple  and  screening  plant.  Each  mine  was 
opened  by  a  slope;  double  entry,  room-and-pillar  system  of  mining  used;  black  pow- 
der used  for  breaking  coal  after  undercutting.  The  output  of  the  No.  1  mine  was 
400  tons  a  day.  The  No.  2  mine  was  equipped  for  handling  about  500  tons  a  day. 
Mine'No.  1  had  an  unmined  area  of  400  to  500  acres  and  No.  2  of  about  120  acres. 

Thorp.    Wilson  Mine. 

Sample. — Bituipinous  coal;  Manastash  field;  analysis  No.  13269  (p.  108). 

Mine. — J.  Wilson,  in  sec.  33,  T.  19  N.,  R.  16  E.,  10  miles  west  of  Thorp,  a  station  on 
the  Northern  Pacific  RaQway. 

Coal  bed. — No  name.  Tertiary  (Eocene)  age,  Manastash  formation.  The  bed, 
including  shale  partings,  is  about  9  feet  thick.  Roof,  gray  shale;  floor,  carbonaceous 
shale. 

The  bed  was  measured  by  E.  J.  Saunders  on  July  17,  1911. 

Section  of  coal  bed  in  Joseph  Wilson  mine. 


Roof,  gray  shale. 

Shale,  carbonaceous,  sUghtiy  graphitic. 

Coal 

Shale,  carbonaceous,  naphitic 

Coal,  impure  and  cruwea 

Shale,  graphitic 

Coal.. 

Shale,  carbonaceous 

Coal 

Shale,  carbonaceous 

Slate 

Coal 

Floor,  carbonaceous  shale. 

Thickness  of  bed 


^. 

in. 

1 

2 

0 

3 

0 

9 

1 

3 

0 

11 

1 

0 

aO 

2 

aO 

8 

aO 

4 

al 

0 

al 

8 

9     2 


a  Not  mined. 

The  sample  analyzed  represented  run-of-mine  coal  taken  from  bunkers.  It  was 
dry  when  collected. 

LEWIS  OOITNTY. 

Mbndota.    Mbndota  No.  1  Mine. 

Sample. — Subbituminous  (cannel)  coal;  analyses  Nos.  12S(05  and  14084  (p.  108). 

Mine. — ^Mendota  No.  1,  a  slope  mine  at  Mendota,  about  6  miles  east  of  Centralia,  on 
the  Centralia  and  Eastern  branch  of  the  Northern  Pacific  Railway. 

Coal  bed. — Locally  termed  No.  3;  Tertiary  (Eocene)  age,  Puget  formation.  Dip  5  to 
12  per  cent.  Thickness,  approximately  10  feet  with  several  partings  of  clay  }  to  1} 
inches  thick;  roof,  soft,  moist,  crumbly,  massive  sandstone;  in  most  sections  of  the 
mine,  between  the  coal  and  the  roof  there  is  a  band  of  soft,  moist,  gray  clay  about  2 
inches  thick.  The  sandstone  roof  is  about  6  to  12  feet  thick  and  is  overlain  with  hard 
gray  shale.    The  floor  consists  of  a  fairly  hard  and  smooth  sandy  clay. 

The  coal  bed  was  sampled  at  two  points  in  the  mine  by  H.  M.  Wolflin  on  May  22, 
1911,  and  May  31, 1912. 

Sample  12305  represented  selected  coal  cut  from  the  rib  on  the  second  level. 
ThiB  coal  had  the  appearance  of  cannel  and  occurs  in  lenses  and  as  vertical  streaks. 
The  sample  was  cut  from  a  vertical  streak  1)  inches  wide. 

Sample  14084  was  cut  from  rib,  south  level,  and  represented  a  selected  sample 
of  "canner'  coal  that  occius  in  lenses  in  the  coal  bed.    These  lenses  are  irregular  in 
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size,  shape,  and  occurence  and  con^t  of  coal  that  is  soft,  easily  lighted  by  a  match, 
bums  with  a  smoky  flame,  and  gives  off  a  strong  odor  of  coal  tar. 

Notes. — The  Mendota  No.  1  mine  was  opened  by  a  slope  driven  across  the  pitch 
at  an  angle  of  35°  to  40°  to  the  direction  of  the  dip.  At  the  time  of  sampling  the 
coal  was  shot  off  the  solid  with  FFF  black  blasting  powder.  The  shaker  screens  were 
5  feet  4  inches  by  10  feet  with  holes  3  by  6  inches  and  2^  inches  in  diameter.  The 
shaker  screens  for  the  smaller  sizes  of  coal  were  5  feet  4  inches  by  10  feet  with  f-incb 
holes.  The  revolving  screen  for  washed  coal  was  14  feet  long^— 8  feet  with  |-inch 
openings  and  6  feet  with  2-inch  openings.  The  sizes  produced  in  washing  were  on 
{-inch,  on  i-inch  and  through  f-inch  holes.  Three  loading  tracks,  with  a  capacity 
of  50  empty  cars  and  30  loaded  cars,  were  available.  The  mine  had  a  daily  output  of 
300  tons  with  a  maTimum  day's  run  of  800  tons.  About  2,000  acres  of  coal  remained 
to  be  taken  out  from  this  opening. 

Morton.    pRospBcrr. 

Sample. — Subbitimiinous  coal;  analysis  No.  12563  (p.  108). 

£oea%.— Prospect  in  the  SW.  \  sec.  12.  T.  12  N.,  R.  4  E.,  2  miles  southeast  of  Mor^ 
ton,  which  is  the  southern  terminus  of  the  Tacoma  Eastern  Railroad. 

Coal  bed. — Edlund.  Tertiary  (Eocene)  age,  Manastash  formation.  Strike,  S.  70^ 
E.;  dip  16°  S.,  20°  W.;  roof  and  floor,  sandstone.  The  bed  is  reported  to  be  7  feet 
thick  near  the  surface,  but  fiulher  in  is  much  faulted  and  thins  to  12  inches. 

The  bed  was  measured  and  sampled  by  A.  J.  Collier  on  August  18, 1911.  The  sam- 
ple was  taken  4  feet  from  the  surface  and  represented  4  feet  of  coal. 

Note. — ^At  the  time  of  sampUng  the  prospect  had  been  abandoned  owing  to  faulta 
and  thinning  out  of  the  bed. 

Morton.    Prosfbct. 

Sample. — Subbltuminous  coal;  analysis  No.  12564  (p.  108). 

XocoZtty.— Prospect  in  the  SW.  \  sec.  6,  T.  12  N.,  R.  5  E.,  2  miles  east  of  Morton, 
which  is  the  southern  terminus  of  the  Tacoma  Eastern  Railroad. 

Coal  bed. — Not  named.  Tertiary  (Eocene)  age,  Manastash  formation.  Dip  at 
surface  22°  NE.,  increasing  with  depth.  Thickness  reported  to  decrease  from  6  feet 
to  2  feet  with  depth.  Bed  faulted  at  end  of  workings  350  feet  from  mouth  of  the 
timnel. 

The  bed  was  measured  and  sampled  by  A.  J.  Collier  on  August  24, 1911,  as  described 
below: 

Section  of  coal  bed  in  prospect  2  miles  east  of  Morion. 


LaboratorjNo 

Roof,  sandstone. 

Coal 

Bone 

Coal 

Floor,  sandstone. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


12S64 

•  0     3 

•0     7 

3     0 

3    10 
3     0 


a  Not  Induded  in  sample. 

The  sample  was  collected  in  the  drift  20  feet  from  the  mouth. 

Note. — The  prospect  had  been  abandoned  owing  to  faults  and  thickness  of  bed. 

Morton.    Prospect. 

Sample. — Semianthradte  coal;  analyslB  No.  12565  (p.  108). 
LooaZi^.— Prospect  in  sec.  14,  T.  13  N.,  R.  4  E.,  4  miles  north  of  Morton,  which 
is  the  Bouthem  terminus  of  the  Tacoma  Eastern  Railroad. 
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Coal  bed, — No  name.    Tertiary  (Eocene)  age.    Thickness,  12  to  15  feet. 
The  bed  was  measured  and  sampled  by  A.  J.  Collier  on  August  16, 1911,  as  described 
below: 

Section  of  coal  bed  in  prospect  4  miles  north  of  Morton. 


Laboratory  No. 


Coal  with  thin  sandstone  partings. 

Coal  and  bone 

Coal 

Thickness  of  bed 

Thickness  of  coal  sampled 


12565 
Ft.     in. 
o  6+    0 
a  2 

6+    0 
14+    0 

6+    0 


a  Not  included  in  sample. 
The  sample  was  collected  in  the  entry,  about  60  feet  from  the  mouth  of  the  entry. 

PIEBCB  COUNTY. 

ASHFORD.      PbOSPBGT. 

Sample. — Semibituminous  coal;  analysis  No.  12581  (p.  108). 

Locality. — Prospect  in  the  NW.  }  sec.  15,  T.  15  N.,  R.  6  E.,  at  Ashford  on  the  Tacoma 
Eastern  Railway.' 

Coal  bed. — Mlsqually   Chief.    Tertiary   (Eocene)   age,    Puget   formation.    Roof, 
altered  shale;  thickness,  13  feet  4  inches. 

The  bed  was  measured  and  sampled  by  G.  W.  Evans  on  August  26, 1911,  as  described 
below: 

Section  of  coal  bed  in  prospect  at  Ashford. 


Laboratory  No 

Roof,  altered  shale, 
miale,  carbonaoeous . 


CoaL 

Sandstone. 


Coal. 

Shale 

Coal 

Bone 

Coal  and  dirt 

Coal 

Shale 

Coal 

Shale 

CoalfShaly 

Ckiy,8oft 

Floor,  not  stated. 

Thickness  of  bed 

Thickness  of  coal  sampled. 


12581 
Ft.  in. 

aO  5 

0  6 
aO  4 

1  2 
oO  4 

5  3 

0  1 

1  2 

2  0 
aO  2 

0  5 
aO  2 

1  2 
aO  2 

13   4 
11    9 


a  Not  included  in  sample. 

The  sample  was  collected  in  the  entry  100  feet  from  its  mouth.    It  was  wet  when 
taken. 

Fairfax.    Prospect. 


Sample. — Bituminous  coal;  analysis  No.  12478  (p.  108). 

LocoZity.— Prospect  in  the  SW.  J  sec.  2,  T.  17  N.,  R.  6  E.,  2  miles  south  of  Fairfax, 
which  is  on  a  branch  line  of  the  Northern  Pacific  Railway. 

Coal  fted.— Montezuma.  Tertiary  (Eocene)  age,  Puget  formation.  Roof  and  floor, 
strong  carbonaceous  shale. 
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The  bed  wm  meamired  and  nmpled  by  G.  W.  Evmns  on  Jidy  ^  Itll,  m  descnbed 

below:  ^ 

Section  of  coal  bed  in  •  pnmped  f  imis  awitib  ofFairfaj^ 


lAbonUxyffo _^  . 

Roof,  oarbonaoeouf  shale.  '^  ^ 

BhOe^toftbroini •*  ■ 

Coal^ioftlnqNire -  ••  ■ 

Coftl, impure,  varying  in  haidneM ••  ^ 

flft^l           0/WW| X11.J.........TT-  '                 * 

Floor,  cerbooeoeoiu  shale. 

ThfclmeM  oC  bed 

ThiclmeMoCooal  sampled 


f    T 
4    I 


aNot 


The  iample  wae  collected  from  the  fMx  oC  the  emtry^  4^  ieet 
entry.    It  wae  wet  when  taken. 


oitk 


Fairfax,    rmo&tmcr  No.  L 

^amp^. -^Bituminous  coal;  analyae  No.  12IS6  (p.  UM). 

LocalUy.—Fnxpect  No.  1  in  the  NE.  J  NW.  i8ec.34,T.  18N^&.€E^ 

mile  south  of  Fairfax,  which  is  on  a  brandi  fine  oif  tke  Nortkem  hcific 

Coal  bed.So.  1.    Tertiary  (Eocene)  age,  Pq^et  innMri— 

The  bed  wai  measured  and  sampled  by  G.  W.  Evana  oa  A^—i  I,  IfU,  as 

below: 

Section  of  coal  bed  in  Pnmptrt  ^.  /. 


No. 


(ioid,  impum. 

0*J 


HLnhi  «atj  clay,  7  ioobee  thick. 
iTkMf.  bandy  efaaJe. 

TuukA«6s  of  tied 

TukkiMw  ol  ooal  sampled 


/Lia. 
1  • 
1     4 


3   U 


The  uample  was  collected  in  the  entry,  35  feet  from  its 

Faikpax.    Pbospbct  No.  2. 


It 


^/7m;>^.— Bituminous  coal;  analysis  No.  12495  (p.  100). 
[jmliiy  -?foii\mii  No.  2  in  the  NE.  J  NW.  i  sec.  34,  T.  18  N^  R.  «  R^ 
miUi  (yy^ith  of  Fairfax,  which  is  on  a  branch  line  oC  the  Nortkem  Facific 
C^Md  yd.    No.  2.    Tertiary  (Eocene)  age,  Paget  fofnatio^ 
'VS^.  \i^\  W4«  nu^wsured  and  sampled  by  G.  W.  Evans  on  Aqgost  1,  ISIX* 

Section  of  coal  bed  in  Protperi  No.  t. 


iMj^idJjry  Hq 

it**/ ,  t^Ai  4Mli 

(yMti,  dirty 

iyMiftMOy 

|^,g0r 

rVgtr.  t4tf^y  du»> 

l\y  lUJtub  *A  *-«w 


s    a 

a  u 

•1    1 

1    a 


-i 


% 
3 


S 

u 


•  Noi  Inctedad  ia 


TV  saMpl«  «v>Jl«iciHi  WM  in  the  entry.  35  feci  from  its 


It 
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uti*: 


WiLKEsoN.    Gale  Creek  Mine. 

iSam/^ic.— Bituminous  coal;  analyses  Nob.  W31921  to  W31926,  W32104  to  W32108, 
14390,  W32145  to  W32148,  W32158  to  W32161,  and  W32211  to  W32214  (pp.  109, 110). 

Mine. — Gale  Creek,  a  drift  and  slope  mine  at  Wilkeson,  about  30  miles  southeast  of 
Tacoma,  on  a  branch  of  the  Northern  Pacific  Railway. 

Coal  bed. — Queen,  tertiary  (Eocene)  age,  Puget  group.  Average  thickness,  3  feet 
8  inches;  dip,  8**  to  85**  SW.,  with  a  probable  average  of  about  30°.  The  cleat  is 
indistinct  and  there  are  many  faults  and  rolls  throughout  the  bed.  Roof,  '  'draw 
slate' '  5  inches  thick,  above  which  is  a  hard  gray  shale  extending  to  a  cap  rock  30  to 
40  feet  above;  floor,  hard,  smooth,  gray  clay,  shaly  in  places. 

The  bed  was  measured  and  sampled  at  six  points  in  the  mine  by  H.  M.  Wolflin  on 
June  18  and  25,  1912,  and  six  other  samples  were  taken  in  duplicate  from  27  carloads, 
as  described  below: 

Sections  of  coal  bed  in  Gale  Creek  mine. 


Section 

Laboratory  No 

Roof,  shale. 

''^ Draw  slate". 


A 

/W31921 
\W31922 
Ft.  in. 


Coal 

Bone  (local) 

Coal 

Clay-streaked  ooal  (7). 
Coal 


Floor,  shaly  clav. 
Thickness  of  bed. 


Thickness  of  ooal  sampled. 


i    iif 
0     4| 


3      8^ 
3      3} 


B 
W31923 
W31924 
Ft.  in. 


0 
0 
2 
aO 
1 

3 
3 


] 


4 

2 


C 

W31026 

W31026 

Ft.  in. 


aO  3} 

1  5 

3  9 

3  5^ 


D 

.W32106 

Ft.  in. 
aO     5 

o6  i 

1  8i 

aO  2 

1  4 


3      8 
3 


\ 


E 

W32107 

Ft.  in. 


2  2 
oO  3i 

1  2 

3  7i 
3  4 


F 

W32106 

Ft.  in. 
aO    5 


2 

aO 

1 


1 
6 

8 


4     8 
3     9 


ft 


a  Not  included  in  sample. 

Section  A  (samples  W31921  and  W31922)  was  measured  at  the  face  of  gangway  1,  off 
new  slope. 

Section  B  (samples  W31923  and  W31924)  was  measured  at  breast  16  at  the  face  of 
counter  No.  1  north,  off  new  slope. 

Section  C  (samples  W31925  and  W31926)  was  measured  on  the  pillar  of  breast  10,  off 
north  gangway  1,  off  new  slope. 

Section  D  (sample  W32106)  was  measured  in  the  air  course  of  the  new  slope  at 
No.  1  lift,  below  north  gangway  1. 

Section  £  (sample  W32107)  was  a  pillar  sample,  measured  in  the  first  crosscut,  off 
breast  14,  north  gangway  1,  off  new  slope. 

Section  F  (sample  W32108)  was  a  face  sample,  measured  in  the  crosscut  on  the  new 
slope  opposite  south  gangway  2. 

A  composite  sample  was  made  by  mixing  samples  31921  to  31926,  inclusive,  and 
32106  to  32108,  inclusive.  The  results  of  an  ultimate  analysis  of  this  sample  are 
given  imder  laboratory  No.  14390. 

Duplicate  samples  Nos.  W32104  and  W32105  were  taken  from  four  cars  while  being 
loaded  at  the  mine. 

Duplicate  samples  W32145  and  W32146  were  taken  from  four  cars  while  being  loaded 
at  the  mine. 

Sample  W32147  was  taken  from  four  cars  while  being  loaded  at  the  mine. 

Duplicate  samples  W32158  and  W32159  were  taken  from  four  cars  while  being  loaded 
at  the  mine. 

Duplicate  samples  W32160  and  W32161  were  taken  from  four  cars  while  being  loaded 
at  the  mine. 

Duplicate  samples  W32211  and  W32212  were  taken  from  four  cars  while  being  loaded 
at  the  mine. 

Duplicate  samples  W32213  and  W32214  were  taken  from  three  cars  while  being 
loaded  at  the  mine. 

47664'— Bull.  85—14 22 
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Goftl  that  passed  over  the  Bcreena,  constitating  about  15  per  cent  of  the  total, 
dumped  into  the  cars,  but  no  special  note  was  made  as  to  which  cars  were  partly  loaded 
with  lump  and  which  were  loaded  with  the  coal  going  through  the  2^inch  screen. 
The  screened  coal  passed  through  the  washery  before  being  loaded.  The  above  car 
samples  were  obtained  by  taking  about  50  pounds  of  coal  from  each  car  as  it  was  being 
loaded.  The  50-poimd  lots  from  three  or  four  cars  were  then  combined  and  the  sam- 
ple quartered  down  to  laboratory  size.  '^' 

Notes. — ^The  Grale  Creek  mine  was  opened  by  slopes  and  drifts,  and  the  coal  was  mined 
by  the  breast-and-piUar  method.  All  of  the  undercutting  done  was  by  hand;  the 
larger  part  of  the  coal  was  shot  off  the  solid  with  30  per  cent  dynamite.  In  places  the 
"draw  slate"  fell  with  the  coal.  The  tipple  was  equipped  with  shaking  screens  5  by 
16  feet  with  2^inch  holes.  None  of  the  coal  was  riiipped  as  run-of-mine.  Approxi- 
mately 75  to  85  per  cent  of  the  coal  passed  through  the  screens;  after  having  been 
screened  it  went  to  the  washery.  The  oversize  passed  on  to  a  picking  belt,  where  it  was 
carefully  hand  picked  prior  to  being  loaded  on  the  car.  The  screenings  were  washed, 
but  only  one  size  was  produced,  although  the  plant  was  equipped  for  yielding  two 
sizes.  There  was  one  loading  track  with  a  capacity  for  12  empty  and  15  loaded 
can.  The  storage  bins  had  a  capacity  for  about  850  tons.  There  was  320  acres 
of  coal  land  tributary  to  the  various  openings.  The  larger  part  of  the  coal  was 
worked  out  down  to  the  400-foot  level.  One-half  to  three-fourths  of  the  coal  produced 
was  from  advance  workings,  the  remainder  being  obtained  from  robbing  the  piUars. 
The  mine  had  a  daily  production  of  100  tons,  with  a  maximum  capacity  of  about  200 
tons.  Development  work  was  under  way  and  the  capacity  was  to  be  increased  to  250 
to  300  tons  a  day. 

For  description  and  analyses  of  other  samples  of  coal  from  this  mine  see  Bull. 
22,  Bureau  of  Mines,  1913,  pp.  221,  899. 

WEST  VIRGINIA. 

BBAZTON  COUNTY. 

Braxton.    Braxton  Mikb. 

Sample. — ^Bituminous  coal;  analysis  No.  13556  (p.  110). 

Mine. — Braxton;  interior  district;  a  mine  at  Braxton  post  office,  on  Coal  &  Coke 
Railway. 

Coal  bed. — Pittsbuigh.  Carboniferous  age;  Monongahela  formation.  Thickness,  4 
to  over  7  feet;  average,  nearly  7  feet.  The  roof  is  shale  in  most  parts  of  the  mine,  but 
locally  it  is  sandstone,  in  which  case  the  coal  is  thinner  than  elsewhere.  Bands  of  clay 
from  a  fraction  of  an  inch  to  3  or  4  feet  thick  cut  across  the  bed  in  numerous  places. 
Floor,  shale. 

The  sample  was  collected  about  325  feet  southeast  from  the  mouth  of  the  mine  by 
£.  R.  Lloyd,  on  March  18, 1912.  The  thickness  of  the  bed  where  sampled  was  5  feet  3 
inches,  clear  coal,  all  of  which  was  represented  in  the  sample. 

The  output  of  the  mine  at  the  time  of  sampling  was  about  two  carloads  per  week. 

B&ooxs  couirrY. 

COLLIBRS.      LXWIS-FINLBT  No.  1  MiKB. 

Sample.— Bittxtainoua  coal;  analyses  Nos.  15671,  15672  (p.  111). 

Mine. — ^Lewis-Finley  No.  1;  Wheeling  district;  a  drift  mine,  on  the  Pennsylvania 
Railroad. 

Coal  bed. — Pittsbuigh.  Carboniferous  age;  Monongahela  formation.  The  bed  has 
an  avenge  thickness  of  about  4}  feet  and  lies  nearly  fiat.    Roof,  clay  or  bony  ooal. 
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The  bed  was  measured  and  sampled  at  two  places  by  D.  D.  Condit  ou  January  6, 
1913,  as  described  below: 

Sections  of  coal  bed  in  Levns-Finley  No.  1  Mine. 


Sectton 

Laboratory  No _^., 

Roof,  clay  or  bony  ooal. 

Coal  unmeasured. 

Clay,  averaging  10  inches. 

Coalf  bony 

Coal 

Shale 

Coal 

Shale 

Coal 

Coal,  bony , 

Coal 

Coal,  high  hi  "sulphur".. 
Floor,  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled 


B 

15672 


FL  <fl. 
3 


2 

<iO 

1 


3* 

1 


aO      3 


4 
4 


8 


I 


a  Not  included  in  samples. 

Section  A  (sample  15671)  was  measured  in  room  1,  off  butt  entry  6,  off  the  main  entry. 
Section  B  (sample  15672)  was  measured  in  room  77,  off  entry  10,  side  No.  2, 5,800  feet 
northwest  of  the  mine  mouth.    Cover,  100  feet. 

FAYBTTE  COXXlTrY. 

Gaferton.    Sewell  Mine. 

Sample, — ^Bituminous  coal;  New  River  field;  analyses  Noe.  14344,  14345,  14346, 
14347, 14348, 14349,  and  14350  (p.  111). 

Mine. — Sewell;  Kanawha-New  River  district;  a  drift  mine  at  Caperton  station,  on 
the  main  line  of  the  Chesapeake  6l  Ohio  Railway. 

Coal  bed. — Sewell.  Carboniferous  (Pottsville)  age.  Sewell  formation.  Average 
thickness,  6  feet  8  inches;  dip,  1)  per  cent  northeast.  The  cleat  is  well  marked,  and 
there  are  no  rolls  or  faults  in  this  mine.  The  roof  consists  of  a  smooth  "draw  slate"  3 
to  9  inches  thick,  above  which  is  a  sandstone  cap.  Floor,  hard,  smooth  shale.  Pieces 
of  the  roof  occasionally  mixed  with  the  coal  when  loading,  but  none  of  the  floor  material 
was  taken  up  with  the  coal.    Cover  at  points  of  sampling,  250  to  400  feet. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  G.  H.  Deike  on 
July  11,  1912,  as  described  below: 

Sections  of  coal  bed  in  Sewell  Mine. 


Section 

Laboratory  No 

Roof,  sandy  shale. 

Coal 

Coal,gray 

Coal 

Coal,gray 

Coal.:. 

Mother  coal 

Coal 

Coal,  bony 

Floor,  day. 

Thidmessofbed 

Thickness  of  coal  sampled . 


A 

14.344 
Ft.  in. 
0     9 
0     2h 

0     7 


0 
1 
0 
0 


4 
4 


6 


9 


0 
0 


I 


B 
14345 
FL  in, 
0     6 
0     1 


1    10 


aO 

2 
2 


9 
5 


C 

14346 

Ft,  in, 

0    11 

0     3 

8  fi 

2     0 


oO      2^ 


4 
4 


2i 
0 


D 
14348 
Ft,  in, 
0     6 
0 
0 
0 
1 
0 
0 


3 
3 


3 

h 

r 

t 


E 
14349 
FU    in, 

0    10 

0 

0 

0 

1 

0 

0     9 
•0     2 


1 


4      1 
3    11 


o  Not  induded  in  sample. 

Section  A  (sample  14344)  was  measured  at  the  face  of  a  room  turned  off  at  the  bee 
of  the  drainage  entry  (Sugar  Camp  No.  3  workings). 

Section  B  (sample  14345)  was  measured  at  the  face  of  the  last  break-through  in  the 
third  right  air  course  (Sugar  Camp  No.  1  w<vkingB). 
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Section  0  (sample  14346)  was  measured  at  the  ^e  of  the  thirteenth  right  entry, 
5,000  feet  northeast  of  mine  mouth.    (Old  Hill  workings.) 

Section  D  (sample  14348)  was  measured  on  pillar  at  tiie  laat  room  o£f  cross  entry  11 . 
(Old  Hill  workings.) 

Section  £  (sample  14349)  was  measured  on  the  pillar  of  right  entry  2.  (Sugar  Camp 
No.  2  workings.)  j^ 

Two  composite  samples  were  made:  (1)  by  mixing  samples  14344,  14345,  and  14346 
for  an  idtimate  analysis,  the  results  of  which  are  given  under  laboratory  No.  14347; 
(2)  by  mixing  samples  14348  and  14349  for  an  ultimate  analysis,  the  results  of  which 
are  given  under  laboratory  No.  14350. 

Notes. — ^The  Sewell  mine  is  opened  by  a  number  of  drift  entries,  and  the  coal  is 
mined  by  the  room-and-pillar  system.  At  the  time  of  sampling  the  coal  was  undercut 
both  by  hand  and  by  electric  chain  machines  and  broken  down  with  FFF  black  powder 
and  permissible  explosives.  All  of  the  coal  was  shipped  as  run-of-mine.  There 
was  a  screening  plant  with  12-foot  bar  screens  spaced  1^  inches  apart.  The  coal  was 
clean  and  needed  no  picking  when  loading.  There  were  2  loading  tracks  with  a 
capacity  for  14  empty  and  20  loaded  cars.  About  50  per  cent  of  the  coal  was  obtained 
from  advance  workings.  There  was  approximately  300  acres  of  unmined  coal  trib- 
utary to  the  various  entries.  The  output  of  the  mine  was  300  tons  a  day,  with  a  maxi- 
mum day's  run  of  550  days. 

DuNLoop.    Dunn  Loop  No.  2  Mine. 

Sample. — Semibituminous  coal;  New  River  field;  analyses  Nos.  14383,  14384, 
14385, 14386,  14387,  14388,  and  14389  (p.  111). 

Mine. — Dunn  Loop  No.  2;  Eanawha-New  River  district;  at  Dunloop,  with  railroad 
connections  to  the  Chesapeake  &  Ohio  Railway.  Another  road  is  imder  construction, 
the  Glen  Jean  &  Eastern,  which  will  connect  with  the  Viiginian  Railway.  This  will 
give  an  additional  outlet  for  coal  shipments. 

Coal  bed. — Sewell,  Carboniferous  (Pottsville)  age,  Sewell  formation.  Average 
thickness,  5  feet  6  inches;  dip,  1}°  northwest.  Roof,  'Mraw  slate"  4  to  6  inches 
thick,  above  which  is  a  stratum  of  soft  gray  shale.  There  is  a  sandstone  cap  rock  20 
feet  above  the  coal.  Floor,  smooth,  hard  fire  clay,  and  shale.  Cover  at  points  of 
sampling,  75  to  200  feet. 

The  bed  was  measiured  and  sampled  at  five  points  in  the  mine  by  J.  J.  Rutledge  on 
July  10,  1912,  as  described  below: 

Sections  of  coal  bed  in  Dunn  Loop  No.  2  mine. 


Sectkm 

Laboratory  No 
Roof,  shale. 

Coal 

Cannelooal 

Coal 

Shale 

Coal 

Floor,  fire  clay,  shale 


A 

14383 

Ft.   in. 

2     0 

0       i 
2    11 


liiickiiess  of  bed 5 

ThJckness  of  sampled i     5 


H 


B 
14384 
Ft.   in. 
2      7 
0     3 
2     9 


6      7 
6      7 


C 
14386 
Ft.    <fi. 
2     6 
0     3 
2    11 


5     8 
5     8 


D 
14887 
Ft.   in. 
2    24 
0    2| 
2    1 
aO    1 
0    7 

5  2 

6  1 


E 
14S88 
Ft.   in, 
2        9 
0        3 
2       10 


5 
5 


10 
10 


a  Not  included  in  sample. 


Section  A  (sample  14383)  was  measured  at  the  last  break-through,  to  the  right  on 
the  fifth  main  entry,  500  feet  northeast  of  the  mouth  of  the  fifth  main  entry. 

Section  B  (sample  14384)  was  measured  at  the  face  of  room  20,  off  right  entry  4,  off 
the  fourth  main  entry  1,600  feet  southeast  of  the  mouth  of  the  fourth  main  entry. 

Section  C  (sample  14385)  was  measured  at  the  ^e  of  room  2,  off  the  first  left  air 
course  off  the  sixth  main  entry,  1,200  feet  east  of  the  mouth  of  the  sixth  main  entry. 


rSTF 


B^ 
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Section  D  (sample  14387)  was  measured  at  the  face  of  room  5,  off  the  air  course  of 
the  third  main  entry,  500  feet  southeast  of  the  mouth  of  the  third  main  entry. 

Section  £  (sample  14388)  was  measured  on  pillar  17  on  the  sixth  main  entry,  1,040 
feet  southeast  of  the  mouth  of  the  sixth  main  entry. 

Two  composite  samples  were  made:  (1)  by  mixing  samples  14383,  14384,  and  14385 
for  an  idtimate  analysis,  the  results  of  which  are  shown  under  laboratory  No.  14386; 
(2)  by  mixing  samples  14387  and  14388  for  an  ultimate  analysis,  the  results  of  which 
are  shown  under  laboratory  No.  14389. 

Notes, — The  Dimn  Loop  No.  2  mine  is  opened  by  six  drift  entries,  and  the  coal  from 
these  various  openings  all  goes  to  the  same  tipple.  The  coal  is  mined  by  the  room- 
and-pillar  system.  At  the  time  the  mine  was  visited  the  coal  was  imdercut  by  hand 
and  shot  down  with  FFF  black  blasting  powder  and  permissible  explosives.  Thirty 
per  cent  dynamite  was  used  for  brushing  the  roof.  The  tipple  was  equipped  with 
shaking  screens  with  openings  5)  by  3)  inches  and  2}  by  If  inches  in  size.  Pickers 
were  employed  for  picking  the  coal  on  a  traveling  belt.  The  daily  production  of 
the  mine  was  1 ,000  tons.  The  coal  had  a  good  appearance  on  the  cars,  the  lumps  being 
laige  but  slightly  broken  by  the  loading  system.  There  were  3  loading  tracks, 
with  a  capacity  for  29  empty  and  32  loaded  cars.  All  of  the  coal  was  shipped  as  run- 
of-mine.  About  50  per  cent  of  the  coal  was  obtained  from  new  workings  and  the 
remainder  from  the  older  parts  of  the  mine. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  915-916. 

Elverton.    Elverton  Mine. 

5ampfe.— Semibituminouscoal;  New  River  field;  analyses  Nos.  14338, 14339, 14340, 
14341, 14342,  and  14343  (p.  112). 

Mine. — Elverton;  Kanawha-New  River  district;  a  drift  mine,  i  miile  west  of 
Elverton  station  on  the  main  line  of  the  Chesapeake  &  Ohio  Railway. 

Coal  bed, — Carboniferous  (Pottsville)  age.  Sewell  formation.  Average  thickness, 
4  feet;  dip  1^  per  cent  northwest.  Roof,  heavy  smooth  shale  above  which  there  is  a 
sandstone  cap  rock.  The  coal  is  practically  free  from  regular  partings  or  impurities. 
The  floor  consists  of  about  4  inches  of  bony  coal,  below  which  is  a  hard  smooth  shale. 
Cover,  at  points  where  the  samples  were  taken,  ranges  from  100  to  400  feet. 

The  coal  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  G.  H.  Deike, 
July  10,  1912,  as  described  below: 

Sections  of  coal  bed  in  Elverton  mine. 


Sectfam 

Laboratory  No 

Roof,  shale. 

Coal,  gray 

Coal , 

CoaLgray 

Coal 

CoaLgray 

Motuercoal 

Coal 

Mother  coal 

Coal 

"Sulphur"  band 

Coal.. 

Mother  coal 

Coal 

Floor,  bone  and  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

C 

14338 

14339 

14341 

Ft.  in. 

Ft.  in. 

Ft.   in. 

•  •    •  • 

•  •    •  * 

0  4 

0   9 

0  10 

0   1 

0  u 
0   7} 

0  3 

0   7 

0  4h 

0   2 

0   1 

■  •    •  • 

0  * 

1  9 
0 

i   4 

0   7 

•  •    •  • 

0   1 

0   ^ 
0 

^  ^ 

0   6 

0   7 

0   i 

0   i 

•  •    •  • 

0   5i 

0   5 

»  •    •  • 

3   4} 
3   4| 

3   21 

3   21 

t  it 

D 

14342 

Ft.   in, 

0  a 

0    10 

0  1 

1  0 

0       J 


0  11 
0  2 
0      7 

4      7^ 

4      71 


Section  A  (sample  14338)  was  measured  at  the  face  of  the  old  Bayne  entry,  3,900 
feet  southwest  of  No.  2  entrance. 
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Section  B  (sample  14399)  was  measured  at  the  corner  of  the  break-through,  10  feet 
from  the  face  of  the  main  entry,  3,900  feet  southwest  of  No.  2  entrance. 

Section  C  (sample  14341)  was  measured  on  pillar  of  room  2,  left  entry  1  off  left  entry 
5,  3,100  feet  south  of  No.  2  entrance. 

Section  D  (sample  14342)  was  measiued  on  the  pillar  of  room  3,  rig^t  entry  5,  3,100 
feet  southwest  of  No.  2  entrance. 

Two  composite  samples  were  made:  (1)  by  mixing  samples  14338  and  14339  for  an 
ultimate  analysis,  the  results  of  which  are  shown  under  laboratory  No.  14340;  (2)  by 
mixing  samples  14341  and  14342  for  an  ultimate  analysis,  the  results  of  which  are 
shown  under  laboratory  No.  14343. 

Notes, — ^The  Elverton  mine  is  opened  by  a  drift  entry  and  the  coal  mined  by  the 
room-and-pillar  system.  At  the  time  of  sampling  the  coal  was  undercut  both  by  hand 
and  by  electric  chain  machines  and  broken  with  FFF  black  powder.  Dynamite  was 
used  for  brushing  the  roof.  The  tipple  was  equipped  with  shaking  screens  5  by  12 
feet  with  openings  5  inches  in  diameter  and  also  another  set  of  screens  5  by  12  feet 
with  openings  1)  inches  in  diameter.  About  50  per  cent  of  the  coal  passed  through 
the  first  set  of  screens.  None  of  the  coal  was  shipped  as  run-of-mine.  Pickers 
were  employed  on  the  cars  when  loading  coal.  The  screenings  were  used  for  making 
coke.  The  coal  was  very  clean,  the  lumps  large,  and  presented  a  good  appearance  on 
the  cats.  There  were  3  loading  tracks  with  a  capacity  for  30  empty  and  40  loaded  cars. 
There  were  also  storage  bins  with  a  capacity  for  400  tons  of  coal.  There  was  about 
700  acres  of  coal  tributary  to  this  mine.  About  one-half  of  the  coal  was  derived  from 
advance  workings  and  the  remainder  from  pillars.  The  production  of  the  mine  was 
250  tons  a  day  with  a  maximum  day's  run  of  650  tons. 

Hawks  Nbst.    Mill  Creek  Mine. 

/SampZ«.— Semibituminous  coal;  New  River  field;  analyses  Nos.  14358, 14359, 14300, 
14361,  and  14362  (p.  112). 

iftn^.— Mill  Creek;  Kanawha-New  River  district;  a  drift  mine  about  one<>half 
mile  north  of  Hawks  Nest  station  on  the  main  line  of  the  Chesapeake  &  Ohio  Railway. 

Coal  6«f.— Sewell.  Carboniferous  (Pottaville)  age,  SeweU  formation.  Average 
thickness,  3  feet.  The  bed  is  practically  horizontal.  Roof,  heavy  shale  ahd  bony 
coal  6  to  18  inches  thick,  above  which  is  a  sandstone  cap  rock.  Floor,  hard  smooth 
bony  coal.  Material  from  the  roof  and  floor  did  not  become  mixed  with  the  coal 
when  mining.  Cover,  at  the  points  where  the  samples  were  taken,  approximately 
600  feet. 

The  coal  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  H.  I.  Smith 
and  G.  H.  Deike,  July  12,  1912,  as  described  below: 

Sections  of  coal  bed  in  Mill  Creek  mine. 


Section 

Laboratory  No 

Roof,  shale  and  bony  coal. 

Cannelcoal 

Coal 

Coal,  gray 

Coal 

"Sulphur" 

Coal,  gray 

Coal 

Bone 

Floor,  bony  coal. 

Thickness  of  bed 

Thiokneas  of  coal  sampled 


A 

B 

C 

14358 

14359 

14360 

Ft.    in. 

Ft.    in. 

Ft.    in. 

■  •            •  • 

0     1 

*  ■         •  • 

1      8 

1    1 

0    9 

0      2| 

•  •         •  • 

•  •         •  • 

0    11 

•  •         •  « 

•  •          •  • 

Streak. 

Streak. 

•  •          •  • 

•  •           •  • 

0   2| 

0    3 

8i 

1    8 

1    6i 

«  •         •  • 

3     84 
3      si 

3    0 
3    0 

U 

D 

14361 
Ft.    in. 


1 
0 
0 
0 


8 
I 


0    8 


S    8 
3    8 


Section  A  (sample  14358)  was  measured  at  the  face  of  left  entry  1  at  room  40. 
Section  B  (sample  14359)  was  measured  at  the  face  of  left  entry  2  at  the  neck  of 
room  29. 
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Section  C  (sample  14360)  was  measured  at  the  face  of  the  third  left  air  course. 

Section  D  (sample  14361)  was  measured  at  the  face  of  right  entry  5. 

A  composite  sample  was  made  by  mixing  samples  14358,  14359,  14360,  and  14361 
for  an  ultimate  analysis,  the  results  of  which  are  shown  under  laboratory  No.  14362. 

Notes. — ^The  Mill  Creek  mine  was  opened  by  drift  entries  and  the  cosX  mined  by  the 
room-and-pillar  system .  At  the  time  of  sampling  the  coal  was  undercut  by  compressed- 
air  punchers  and  broken  down  with  a  permissible  explosive,  which  was  also  used  for 
brushing  the  roof.  None  of  the  coal  was  shipped  as  run-of-mine.  The  screening 
plant  consisted  of  bar  screens  4}  by  12  feet  with  3-inch  spaces,  through  which  about  50 
per  cent  of  the  coal  passed.  The  coal  was  clean  and  the  lumps  were  large  and  pre- 
sented a  good  appearance  when  loaded  on  the  cars.  There  were  two  loading  tracks 
with  a  capacity  for  12  empty  and  12  loaded  cars.  About  two-thirds  of  the  coal  was 
obtained  from  advance  work  and  the  remainder  from  pillars.  The  daily  output  was 
250  tons  with  a  maximum  day's  run  of  400  tons. 

For  analyses  and  descripdons  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  924-925. 

Ka.y  Moor.  Kat  Moor  No.  1  and  No.  2  Mines. 

Sample. — Semibituminous  coal;  New  River  field;  analyses  Noa.  14294, 14295, 14296, 
14297,  14298,  14299,  14401,  14402,  14403.  and  14404  (p.  113). 

Mine. — Kay  Moor  No.  1  and  No.  2,  Kanawha-New  River  district;  three-fourths  mile 
south  of  Kay  Moor,  on  the  south  side  of  New  River  with  railway  connections  to  the  Chesa- 
peake &  Ohio  Railway.  No.  2  mine  is  also  on  the  south  side  of  the  river  with  railway 
connections  to  the  Chesapeake  &  Ohio  Railway  at  South  Fayette. 

Coal  fec^f.—Carboniferous  (Pottsville)  age,  Sewell  formation.  Average  thickness 
about  3  feet  6  inches;  slight  dip  to  the  west.  Roof,  smooth  sandstone  18  inches  thick; 
floor,  rough,  hard  clay.  Material  from  the  floor  or  roof  did  not  become  mixed  with 
the  coal  in  mining. 

The  coal  bed  was  measured  and  sampled  at  five  points  in  No.  1  mine  and  at  three 
points  in  No.  2  mine  by  H.  I.  Smith  on  July  10  and  11, 1912,  as  described  below: 

Sections  of  coal  bed  in  Kay  Moor  No.  1  mine. 


Section 

Laboratory  No 

Roof,  shale. 

Cazmelcoal 

Coal 

Coal,  gray 

Coal 

'  'Sulphur  "  band 

Coal. 

Coal»b(my. 

Fl0OT.clay. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

C 

D 

14294 

14205 

14296 

14297 

Ft    in. 

Ft.    in. 

Ft.    tn. 

Ft.   in. 

. 

•  •    •  ■ 

0  8 

•  •    •  • 

0  11 

0  lU 
0   7§ 

0  8 

0  11 

0   41 

0  7 

0  8 

1   1 

1   6 

1  Zk 

0  10 

Streak. 

0   i 

Streak. 

0  4 

1  3 

0   8 

0  8 

0  1  . 

0   1* 

0  1 

0  r 

3  8| 
3  8} 

3  101 
3  10| 

3  64 
3  6} 

3  3 
3   3 

E 

14299 

Ft,   in, 

•  •        •  • 

0     9 

0  7 

1  2 
Streak. 

0    9 
0     1 

8     4 
3     4 


Section  A  (sample  14294)  was  measured  at  the  face  of  room  1,  left  entry  3,  off  main 
entry  3,  at  4,700  feet  south  of  the  mine  mouth. 

Section  B  (sample  14295)  was  measured  at  the  face  of  right  entry  1^,  off  left  entry  1, 
off  Buf&klo  entry,  3,300  feet  southeast  of  the  mine  mouth. 

Section  C  (sample  14296)  was  measured  at  the  face  of  left  entry  1,  off  right  entry  9, 
at  3,300  feet  west  of  the  mine  mouth. 

Section  D  (sample  14297)  was  measured  at  the  face  of  west  entry  11 ,  3,600  feet  south- 
west of  the  mine  mouth. 

Section  E  (sample  14299)  was  measured  on  the  pillar  between  rooms  H  and  4,  off 
right  entry  1,  off  main  entry  7. 
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A  composite  sample  was  made  by  mixing  samples  14294, 14295, 14296,  and  14297. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  14298. 

Sections  of  coal  bed  in  Kay  Moor  No.  2  miney  south  of  Kay  Moor. 


SectioD 

Laboratory  No 

Roof,  shale. 

Coal 

Coal,  gray 

Coal 

"Solpbor"  band 

Coal 

Coal,  bony 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 
14401 
Ft.    in. 
3    0 


B 
14402 
Ft.    in. 
0    9 

0  3 

1  10 


0    u 


3    0 
3    0 


2  II 
2 


C 
14403 
Ft.    in. 
0   H 

0  2 

1  3 
Streak. 

0    9 
0    1 


iili     I  I 


Section  A  (sample  14401)  was  measured  at  the  face  of  left  entry  3,  off  the  main  entry. 

Section  B  (sample  14402)  was  measured  at  the  face  of  room  9,  o£f  left  entry  2. 

Section  C  (sample  14403)  was  measured  at  the  face  of  room  9,  off  left  entry  1,  at  150 
feet  from  the  entiy. 

A  composite  sample  was  made  by  mixing  samples  14401,  14402,  and  14403,  for  an 
ultimate  analysis,  the  results  of  which  are  shown  under  laboratory  No.  14404. 

Notes, — Kay  Moor  No.  1  and  No.  2  mines  are  opened  by  slope  and  the  coal  is  mined  by 
the  room-and-pillar  system.  At  the  time  the  mines  were  visited  the  coal  was  undercut 
by  air  punchers  and  electric  chain  cutters  and  broken  down  with  FFFF  black  blast- 
ing powder.  None  of  the  coal  was  shipped  as  run-of-mine.  The  screening  plant  had 
bar  screens  spaced  4  inches  apart  through  which  about  66  per  cent  of  the  coal  passed, 
and  also  smaller  bar  screens  with  spaces  1}  inches  wide  which  produced  an  egg  coal. 
There  were  three  loading  tracks  with  a  capacity  for  16  empty  and  16  loaded  cars. 
There  were  storage  bins  with  a  capacity  for  400  tons  of  screened  coal  and  600  tons  of 
screenings.  The  screenings  were  not  washed  but  were  sent  to  the  coking  plant. 
About  10,000  acres  of  coal  land  was  owned  by  the  company,  of  which  about  500  acres 
had  been  worked.  The  daily  output  of  No.  1  mine  was  550  tons,  with  a  maximum 
day's  run  of  750  tons.  The  output  of  this  mine  will  probably  be  increased  to  about 
850  tons  in  the  near  future.    Daily  output  of  No.  2  mine,  about  90  tons. 

South  Nuttal.    Brown  Mink. 

iSamp/<'.— Semibituminouflcoal;  New  River  field ;  analyses  Nos.  10618, 10619, 10620, 
10621,  10622,  and  10623  (p.  113). 

Mine. — Brown;  Kanawha-New  River  district;  a  drift  mine  at  South  Nuttal  on  the 
Chesapeake  &  Ohio  Railway. 

Coal  bed. — Sewell.  Carboniferous  (Pottsville)  age,  Sewell  formation.  Thickness, 
3  to  4  feet;  dip,  3^  west;  small  faults;  roof,  blue  shtUe  6  feet  thick,  strong  and  smooth; 
floor,  hard  smooth  clay;  cover  120  to  350  feet. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  J.  J.  Rutledge  on 
June  22,  1910,  as  described  below: 

Sections  of  coal  bed  in  Brown  mine. 


Sectkjn 

Laboratory  No 

Roof,  shale. 

Coal 

Goal,  bard 

Coal 

Coal,  bony 

Fkwr.clay. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

C 

10618 

10010 

10020 

Ft.   <n. 

Ft.    in. 

Ft.    in. 

%% 

S'1 

0  10 
0   1 

2  0 

2  11 

2  6 

«0  8 

•  •    •  • 

•  •    •  • 

3  6 

3   91 
3   9| 

3   5 

2  10 

3   6 

D 
10621 
Ft.   in. 
0    10 

2    4 


3      6 
3      6 


E 

10622 

Ft.    in. 

..     10 
1 
2      64 


3 
3 


n 


a  Not  indaded  in  sample. 
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Section  A  (sample  10618)  was  measured  at  the  face  of  room  2  off  Hill  entry. 

Section  B  (sample  10619)  was  measured  on  rib  of  Lockett  heading,  between  rooms 
1  and  2,  about  2,000  feet  from  mouth  of  entry. 

Section  C  (sample  10620)  was  measured  at  the  neck  of  room  1  off  right  entry  6  off 
Wheeler  entry. 

Section  D  (sample  10621)  was  measured  at  the  neck  of  room  4  off  left  entry  2  off 
entry  18. 

Section  E  (sample  10622)  was  measured  on  the  left  rib  near  the  face  of  entry  18. 

A  composite  sample  was  made  by  mixing  samples  10618  to  10622,  inclusive;  the 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  10623. 

Notes. — The  coal  is  mined  by  the  room-and-pillar  and  modified  panel  system;  at 
the  time  of  sampling  FFF  black  blasting  powder  was  used  for  breaking  down  the  coal 
after  imdercutting  with  electric  chain  cutters.  The  coal  was  screened  on  l^-inch  bar 
screens,  and  marketed  as  lump  and  screenings;  pickers  were  employed  on  the  cars 
when  loading;  there  were  two  loading  tracks  with  capacity  for  about  20  cars.  Output 
550  tons  per  day. 

Thayer.    Ephbaims  Creek  (Buffalo)  Mine. 

Sample. — Semibituminous  coal;  New  River  field;  analysis  No.  10629  (p.  114). 

Mine. — ^Ephraims  Creek  (Buffalo);  Kanawha-New  River  district;  a  drift  mine  at 
Thayer,  on  the  Chesapeake  &  Ohio  Railway. 

Coal  bed. — Fire  Creek.  Carboniferous  age,  Pottsville  formation.  Average  thick- 
ness, 42  inches;  dip,  3^  west;  roof,  strong  dark  gray  shale  about  4  feet  thick;  floor, 
hard  smooth  gray  shale;  coal  bed  contains  some  cannel  coal. 

The  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  J.  J.  Rutledge,  on 
June  20, 1910,  as  described  below; 

Section  of  coal  bed  in  Ephraims  Creek  (Buffalo)  mine. 


Section 

Laboratory  No 

Roof,  shale. 

Coal 

Cannel  ooal 

Coal 

Floor,  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

10639 
Ft.  in. 

1  1 
0     5 

2  0 

3  6 
3     6 


This  section  (sample  10629)  was  measured  at  the  face  of  room  5  off  right  entry  5  off 
the  Slater  entry. 

Notes. — ^The  mine  is  worked  b y  the  room-and-pillar  sjrstem .  At  the  time  of  sampling 
FFF  black  powder  was  used  for  breaking  coal  after  undercutting  with  electric  chain 
cutters.  The  coal  was  screened  over  If-inch  bar  screens,  and  the  screenings  were 
passed  over  a  |-inch  screen.  Pickers  were  employed  on  the  car  when  loading;  the 
capacity  of  the  storage  bins  was  200  tons.  There  were  two  loading  tracks.  Practi- 
cally all  of  the  coal  produced  was  from  advanced  workings.    Daily  output,  1,100  tone. 

GBEENBBIEB  COUNTY. 

RiCHwooD.    Spruce  Knob  Mine. 

Sample. — Bituminous  coal;  analysis  No.  13547  (p.  114). 

Mine. — Spruce  Knob;  Interior  district  on  north  fork  of  Cherry  River,  9  miles 
southeast  of  Richwood,  on  a  lumber  road. 

Coal  bed. — Sewell  (?).    Carboniferous  age,  Pottsville  formation. 
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The  bed  was  measured  and  sampled  in  a  room  1,600  feet  southwest  of  the  mine 
moutl^  on  March  16,  1912,  by  £.  R.  lioyd.  The  section  of  the  bed  at  the  point  of 
sampling  was  as  follows: 

Section  of  coal  bed  in  Spruce  Knob  mine. 


Laboratory  No 

Roof,  shale. 

Coal,  bony 

Coal,  good,  soft 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


UM7 

Ft.  in. 

•  0     9 

4      1 

4    10 
4      1 


At  the  time  of  sampling  the 


a  Not  ineladed  in  sample. 

Notes. — The  average  thickness  of  the  bed  is  4  feet, 
average  daily  output  of  the  mine  was  about  160  tons. 

McDowell  oottnty. 

Algoma.    Pinet  Mine. 

Sample. — Semibituminouscoal;  Pocahontas  field;  analyses  Nob.  14164, 14166, 1|166, 
14167,  14158,  14169,  14160,  14161,  and  14162  (pp.  114, 116). 

Mine. — Piney;  Norfolk  &  Western  district;  a  drift  mine  about  1  mile  east  of  Algoma, 
with  railroad  connections  to  the  Norfolk  &  Western  Railway  at  Northfork. 

Coal  bed. — Pocahontas  No.  3.  Carboniferous  (Pottsville)  age,  Pocahontas  formation. 
Average  thickness,  6  feet  3  inches;  roof,  18  inches  of  *'draw  slate,*'  above  which  is  6 
inches  of  black  shale  with  a  sandstone  cap  rock.  Floor,  smooth  hard  shale.  Material 
from  the  floor  did  not  become  mixed  with  the  coal  in  mining,  but  occasionaUy  some 
of  the  roof  material  fell  with  the  coal. 

The  bed  was  measured  and  sampled  at  seven  points  in  the  mine  by  G.  H.  Deike, 
D.  J.  Price,  and  E.  B.  Sutton,  June  22, 1912,  as  described  below: 

Sections  of  coal  bed  in  Piney  mine. 


SectioD 

Laboratory  No 

Roof,  shale  and  sandstone. 

Coal 

Coal,  gray 

Coal 

Bone 

Coal 

Floor,  shale. 

Thickness  of  bed 

ThlcknesB  of  coal  sampled 


A 

14154 
Ft.  in. 

0  n 

0  31 

B 

14165 
Ft.  in. 
1  6i 

•  *      mm 

c 

14156 
Ft.  in. 

1      7 
#  •  -  • 

D 

14158 
Ft.  in. 
2     6 

•  •    *  • 

E 
14159 
Ft.  in. 

1   7 

F 
14160 
Ft.  in. 

2     2 

0  7 

aO  3 

4  3 

•  •      •  « 

3  7 

«  6  3 
3  8 

«6  z 

3  10 

•  0  3 
3   8 

•  •    •  « 

oO  3^ 
3  10( 

6  1 
5  10 

5  3 

6  n 

6  6 
6  3 

6  7 
6  4 

5  6 

6  3 

6  4 

O 
14161 
Ft. 

2 

til. 

6 

3 

•  m 

3 
10 

6 

e 

7 
4 

a  Not  included  in  sample. 

Section  A  (sample  14164)  was  measured  at  the  face  of  the  main  entry. 

Section  6  (sample  14166)  was  measured  at  the  face  of  room  14  off  cross  entry  10. 

Section  C  (sample  14166)  was  measured  at  the  face  of  room  30  off  cross  entry  8. 

Section  D  (sample  14168)  was  measured  on  the  pillar  of  room  16  off  cross  entry  5. 

Section  £  (sample  14169)  was  measured  on  the  rib  of  room  33  off  cross  entry  7. 

Section  F  (sample  14160)  was  measured  on  the  pillar  of  room  16  o£f  cross  entry  6. 

Section  6  (sample  14161)  was  measured  on  the  pillar  of  room  8  off  cross  entry  3. 

A  composite  sample  was  made  by  mixing  face  samples  14164,  14165,  and  14156. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14157. 
Another  composite  sample  was  made  by  mixing  pillar  samples  14158  to  14161, 
inclusive .  The  results  of  an  ultimate  analysis  of  this  sample  are  gi  ven  under  laboratory 
No.  14162, 
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Notes, — ^The  Piney  mine  Ib  opened  by  drift  entries  and  the  coal  mined  by  the  room- 
and-piUar  system.  At  the  time  the  mine  was  visited  the  coal  was  undercut  by  hand; 
FFF  black  powder  was  used  for  breaking  the  coal  and  a  permissible  explosive  for  brush- 
ing the  roof.  The  screening  plant  was  equipped  with  bar  screens,  14  feet  long,  3-inch 
spaces;  also  shaking  screens  5  by  10  feet,  with  \  and  |-inch  openings.  About  65  per 
cent  of  the  coal  passed  through  the  first  screen.  Pickers  were  employed  on  the  car 
when  loading  cosd.  About  100  tons  of  screenings  were  coked  per  day.  Daily  output 
of  mine,  1,000  tons.  There  were  two  loading  tracks,  with  a  capacity  for  55  empty  and 
44  loaded  cars.  There  were  storage  bins  with  a  capacity  for  800  tons.  The  coal  was 
obtained  from  both  advance  and  pillar  work,  and  there  was  an  ample  acreage  of  coal 
for  many  years  mining. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine,  see  Bull.  22, 
Bureau  of  Mines,  1913,  p.  966. 

Big  Four.    Cirrus  No.  2  Mine. 

Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  14218,  14219, 
14220,  14221,  14222,  and  14223  (p.  115). 

Mine. — Cirrus  No.  2,  Norfolk  &  Western  district;  a  slope  mine,  at  Big  Four  post 
office,  on  the  Norfolk  &  Western  Railway. 

Coal  bed. — Pocahontas  No.  3  and  Pocahontas  No.  4.  Carboniferous  (Pottsville)  age, 
Pocahontas  formation.  Average  thickness  5  feet  5  inches;  slight  dip  to  south.  The 
roof  is  a  shale  3  to  4  feet  thick,  above  which  is  a  sandstone  cap  rock.  The  floor  is  a 
hard,  rough  fire  clay.  Material  from  the  roof  and  floor  did  not  become  mixed  with  the 
coal  in  mining.    Cover,  at  points  of  sampling,  about  400  feet. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  J.  J.  Rut- 
ledge  and  D.  J.  Price,  on  June  29,  1912,  as  described  below:  * 

Sections  of  coal  beds  in  Cirrus  No.  2  mine. 


Sectimi 

Laboratory  No 

Roof,  shale. 

Coal 

Goal,  bony 

Coal 

Coal,bony 

Coal 

Floor,  fire  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled 


No.  3  bed. 

A 

14218 
Ft.  in. 
1    7i 
aO    6} 

B 
14210 
Ft.  in. 

2     h 
aO    3 

C 
14220 
Ft.  in. 

aO    4 

D 
14221 
Ft.  in. 

I    0 
aO    6i 

mm             mm 

3    S 

«  •         •  • 

3    2 

•  •         •  • 

3    7 

•  •         •  • 

3    0 

6    7 
5      \ 

lit 

5    8 
5    2| 

5    2i 
4    0 

No.  4  bed. 


E 
14223 
Ft.  in. 


1 
aO 


!* 


1    1 

aO    2 

1    5 

13 


a  Not  included  in  sample. 

Section  A  (sample  14218)  was  measured  at  the  break-through  near  the  face  of  the 
jnain  heading,  2,850  feet  south  of  the  slope  mouth. 

Section  B  (sample  14219)  was  measured  about  30  feet  from  the  face  of  the  sixth  south 
entry,  1,500  feet  southwest  of  the  slope  mouth. 

Section  C  (sample  14220)  was  measured  at  the  face  of  room  4,  off  the  third  south 
heading,  2,850  feet  south  of  the  slope  mouth. 

Section  D  (sample  14221)  was  measured  at  the  face  of  the  sixth  east  heading,  2,100 
feet  south  of  the  slope  mouth. 

Section  E  (sample  14223)  was  measured  at  the  face  of  the  second  north  entry,  250 
feet  northwest  of  the  slope  mouth.  This  sample  was  taken  in  Pocahontas  No.  4  bed, 
which  is  4  feet  71  inches  thick. 

A  composite  sample  was  made  by  mixing  face  samples  14218  to  14221,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14222. 


354 


ANALYSES  OF   COAL. 


Notes. — ^The  mine  is  opened  by  a  slope  and  the  coal  mined  by  the  room-and-pillar 
system.  At  the  time  of  sampling  the  coal  was  undercut  by  electric  punchers  and 
broken  down  with  FFF  black  powder.  There  was  no  screening  plant,  all  of  the  coal 
being  shipped  as  run-of-mine.  Pickers  were  employed  on  the  cars  in  loading. 
There  were  two  loading  tracks* with  a  capacity  for  11  empty  cars  and  21  loaded  cars 
for  pit  No.  3  and  9  empty  cars  and  7  loaded  cars  for  pit  No.  4.  There  w2A  approxi- 
mately 500  acres  of  unmined  co^  tributary  to  this  slope.  All  of  the  coal  mined  was 
from  advance  workings.    The  daily  output  was  about  400  tons. 

HuoER.    Middle  States  Mine. 


Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  14416,  14417, 
14418,  14419, 14421,  14422,  and  14423  (p.  115). 

Mine. — ^Middle  States;  Norfolk  &  Western  district;  a  shaft  mine  at  Huger  station 
(Olmsted  post  office)  2  miles  from  Welch,  on  the  main  line  of  the  Norfolk  &  Weetem 
Railway. 

Coal  bed. — Pocahontas  No.  4.  Carboniferous  age,  Pottsville  formation.  Average 
thickness  about  5  feet.    Roof,  sandstone;  floor,  shale. 

The  bed  was  measured  and  sampled  at  seven  points*  in  the  mine  by  £.  B.  Sutton 
and  H.  1.  Smith,  June  27,  1912,  as  described  below: 

Sections  of  coal  bed  in  Middle  States  (Helena)  mine. 


Section 

Laboratory  No 

Roof,  sandstone. 

Coal 

Bone 

Coal 

Bone 

Coal 

Bone 

Ck)al 

Coal,  bony 

Coal 

Floor;  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


A 

14416 
Fl.    in. 


B 

14417 

Ft,   in. 


0 
aO 

1 
aO 

1 
«0 


11 
1 

H 
I 


0    lOi 


0 
aO 

1 
oO 

1 


1» 

m 

I 

10 
3 


6      14 
4    loS 


I      1 


5  5 

6  0 


C 

14418 
Ft.    in. 


0 
aO 

1 
aO 

2 
«0 


4i 
1 

10) 
1 
1 
2i 


D 

14419 

Ft.   in. 


1 
0 
2 

aO 
0 

aO 


'1 

0 

h 
5 

I 


1      I 


5      9) 
5      5 


I       I 


5      6| 
•5      5 


E 

14421 
Ft.    in. 

0 
aO 

1 

0 

1 


tj 


0 
0 


4 
4 


2 
11 


7i 
G 


F 

14422 
Ft.    in. 

0 
aO 

0 

0 

1 
oO 


G 

14423 

Ft.    in. 


[\ 


9 


I 
0 
0 


ft  • 

8 


0 
aO 

1 
oO 

2 
aO 

•  • 

1 


4 
1 
8 

2 


4       1 
3    11} 


5      74 
5      4 


o  Not  included  in  sample. 


Section  A  (sample  14416)  was  measured  at  the  face  of  room  6  off  the  second  rock 
heading. 

Section  B  (sample  14417)  was  measured  at  the  face  of  the  second  right  air  course. 

Section  C  (sample  14418)  was  measured  on  the  rib  of  the  last  break-through  on  the 
main  diagonal  entry. 

Section  D  (sample  14419)  was  measured  at  the  face  of  room  4  off  first  west  parallel 
heading. 

Section  E  (sample  14421)  was  measured  on  the  pillar  between  rooms  3  and  6  off  the 
north  entry. 

Section  F  (sample  14422)  was  measured  on  the  pillar  between  rooms  8  and  9,  left 
entry  4  off  the  main  west  heading. 

Secrion  G  (sample  14423)  was  measured  on  the  pillar  between  rooms  20  and  21,  off 
second  parallel  entry  off  the  main  diagonal  heading. 

Two  composite  samples  were  made :  ( 1 )  By  mixing  samples  14416  to  14419,  inclusive, 
for  an  ultimate  analysis,  the  results  of  which  are  shown  under  laboratory  No.  14420; 
(2)  by  mixing  samples  14421  to  14423,  inclusive,  for  an  ultimate  analysis,  the  results 
of  which  are  shown  under  laboratory  No.  14424. 
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Notes. — ^The  Middle  States  mine  is  opened  by  shaft  182  feet  deep,  and  the  coal  is 
mined  by  the  room-and-pillar  system.  At  the  time  of  sampling  the  coal  was  undercut 
by  electric  machines  and  shot  down  with  permissible  explosives.  Dynamite  was  used 
for  brushing  the  roof.  All  of  the  coal  was  shipped  as  nm-of-mine.  Pickers  were 
employed  on  the  car  when  loading.  There  were  2  loading  tracks  with  a  capacity  for 
70  empty  and  30  loaded  cars .  Daily  output,  1 ,000  tons.  There  was  sufficient  unmined 
coal  to  insure  many  years  operation. 

Jed.    Havaco  Mine. 

Sample. — Semibituminous  coking  coal;  Pocahontas  field;  analysis  No.  13775 (p.  116). 

Mine. — Havaco  (formerly  Jed);  Norfolk  &  Western  district;  a  shaft  mine  at  Jed,  on 
the  Tug  Fork  branch  of  the  Norfolk  &  Western  Bailway. 

Coal  bed. — Known  as  Pocahontas  No.  3,  Carboniferous  (Pottsville)  age,  Pocahontas 
formation.  The  thickness  is  uniform  and  ranges  from  4  feet  8  inches  to  5  feet  4  inches, 
with  an  average  of  5  feet.  Dip,  about  li®  to  2 J®  northwest.  Roof,  strong  bedded 
sandstone  underlain  in  parts  with  12  to  15  inches  of  treacherous  shale,  which  did  not 
r^ularly  fall  with  the  coal,  but  was  brushed  in  the  entries.  Floor,  12  to  18  inches  of 
hard  clay  with  smooth  surface.    Cover,  about  400  feet. 

The  coal  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  J.  W.  Paul, 
April  5, 1912,  as  described  below: 

SectioTis  of  coal  bed  in  Havaco  (Jormerly  Jed)  mine. 


Laboratory  No , 

Roof,  dark  shale. 

Coal 

Mother  coal 

Coal 

Mother  coal 

Coal 

Bone 

Coal 

Floor,  hard  clay. 

Tnickness  of  bed 

Thickness  of  coal  sampled . 


13776 

Ft.  in. 

2  1 

0  6 

0  h 

0  10 

aO  4 

2  11 

5  U 

4  9i 


a  Not  included  in  sample. 

Sample  13775  was  measured  at  the  face  of  first  butt  left  entry. 

Notes. — ^At  the  time  of  sampling  the  coal  was  undercut  with  chain  machines  in 
the  bottom  part  of  the  seam  and  shot  down  with  a  permissible  explosive.  The  tipple 
had  no  storage  bins.  The  entire  output  was  shipped  as  run-of-mine.  There  were 
three  loading  tracks  with  a  capacity  for  75  railroad  cars. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine,  see  Bureau 
of  Mines  Bull.  22,  1914,  pp.  261,  993,  994. 

Jenkinjones.    Pocahontas  Nos.  6,  6B,  and  7A  Mines. 

Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  14185,  14186, 
14187, 14188,  14189,  and  14190  (p.  116.) 

Mine. — ^Pocahontas  Nos.  6,  6B,  and  7A;  Norfolk  &  Western  district;  drift  mines; 
No.  6  mine  is  at  Jenkinjones,  on  the  Tug  Fork  branch  ot  the  Norfolk  &  Western  Bail- 
way,  and  No.  6B  and  No.  7 A  are  one-half  mile  south  of  Jenkinjones. 

Coal  bed. — Pocahontas  No.  3.  Carboniferous  (Pottsville)  age,  Pocahontas  formation. 
Average  thickness,  10  feet.  Hoof,  dark  shale,  which  is  smooth  and  does  not  mix 
wi^  the  coal  when  mining.  Floor,  smooth  hard  shale,  which  does  not  adhere  to  the 
coal.    Cover,  approximately  300  feet. 
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The  bed  was  measured  and  aanipled  at  five  points  in  the  mine  by  J.  J.  Kutledge, 
G.  H.  Deike,  and  D.  J.  Price  on  June  26, 1912,  as  described  below: 

Sections  of  coal  bed  in  Pocahontas  Nos.  6,  6B^  and  7  A  mines. 


Section 

I/aboratory  No 

Rool,  dark  shale. 

Coal 

Gray  coal  to  sulphur 

Coal. 

Mother  coal 

Coal,  bony 

Coal 

Coal,  bony 

Coal 

Ck)al,piiy 

Coal,  bony 

Coal 

Coal,  bony 

Coal 

Floor,  light  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

14185 

14186 

Ft.    in. 

Ft.    in. 

I      6 

2      8 

0      h 

0        J 

1      6 

0      5 

0      1 

•  *         ■  • 

mm             «    • 

0      9 

aO      44 

0      5} 

oO      3i 

aO      2 

0      4 

0      6 

0      1 

•  ■          •  • 

«  •         •  • 

oO      2i 

1     10 

2      3i 

aO      3 

aO      3 

2    10 

2    10 

c 

14187 
Ft.    in. 
2    10 


9      6 
8    Hi 


10 
9 


!l 


«0 
0 

aO 
0 

aO 

1 

«0 

4 

10 
9 


4i 

4 

8 

6 
5 


6J 
5 


D 
14189 
Ft.    in. 
3      3 

0        i 


0      9 
0      H 

S  1 


0  2 

aO  6 

4  4 

9  4 

8  10 


£ 
14190 
Ft.    in. 

3      0 


>0 

0 


0 
03 


d 
5 


7     10 
7       U 


a  Not  included  in  sample. 

Section  A  (sample  14185)  was  measured  at  the  face  of  the  main  heading  of  No.  6 
mine,  250  feet  west  of  the  mine  mouth. 

Section  B  (sample  14186)  was  measured  at  the  face  of  the  aircourse  of  No.  6  mine, 
250  feet  from  the  mine  mouth. 

Section  C  (sample  14187)  was  measured  at  the  face  of  the  main  heading  of  6-B 
mine,  500  feet  from  the  nune  mouth. 

Section  D  (sample  14189)  was  measured  at  the  face  of  the  first  rtg^t  cross  heading 
of  No.  6-B  mine,  350  feet  from  the  mine  mouth. 

Section  E  (sample  14190)  was  measured  at  the  face  of  the  main  heading  of  Poca- 
hontas No.  7-A  mine,  120  feet  from  the  mine  mouth. 

A  composite  sample  was  made  by  mixing  face  samples  14185,  14186,  and  14187. 
An  ultimate  analysis  of  this  sample  is  given  under  laboratory  No.  14188. 

Notes. — Both  No.  6  and  No.  7A  mines  are  new  and  are  opened  by  drift  entries. 
The  room-«md-pillar  system  of  mining  is  used.  At  the  time  of  sampling  the  coal  was 
undercut  by  electric  machinbs  and  shot  down  with  FFF  black  powder.  The  tipple 
was  a  temporary  structure,  the  permanent  plant  being  in  course  of  construction. 
No.  6  mine  had  a  daily  output  of  75  tons;  No.  6B  mine  of  400  tons,  and  No.  7A  was 
not  shipping. 

Leckie.    Leckib  No.  1  and  No.  2  Mines. 

Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  14271,  14272, 
14273,  14274,  14275,  14276,  14277,  14278,  14279,  14280,  14281,  and  14282  (pp.  116-117). 

Mine. — ^Leckie  No.  1  and  No.  2;  Norfolk  A  Western  district;  drift  mines  one-half 
mile  east  of  Leckie  on  the  Tug  Fork  branch  of  the  Norfolk  &  Western  Railway. 

Coal  bed. — Pocahontas  No.  3.  Carboniferous  (Pottsville)  age,  Pocahontas  forma- 
tion. Average  thickness,  7  feet  6  inches;  dip,  about  1}  per  cent  northwest.  Roof, 
dark  shale  about  9  inches  thick,  above  which  is  a  strong  cap  rock;  floor,  hard,  smooth 
clay.  The  material  from  the  floor  did  not  become  nuxed  with  the  coal  when  mining, 
i)uta  small  amount  of  the  shale  from  the  roof  fell  with  the  coal.    Cover,  150  to  200  feet. 

The  bed  was  measured  and  sampled  at  five  points  in  the  No.  1  mine  by  G.  H.  Deike 
on  July  6, 1912,  as  described  below: 
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Stctioiu  of  coal  bed  in  Leckie  No.  1  mine. 


LabontoryNo 

BooGsluJe. 

Cotl 

'<8ii^»hiir"  band. 

Coal 


Coal,  Bray. . 
Motto  coal. 
Coal. 


A 

14371 
Ft.  in. 

0  10 
oO       I 

1  10} 


Coal,boo7 '  oO     ^ 


Coal 
Coal,  gray.. 

Coal 

CoaLgray.. 

Coal , 

Molhercoal 
Coal 


i 


Floor,  clay.  I 

ThiekiMiBofbod J     8 


Thickneris  of  coal  sampled 7    10 


1 


aj 


B 

C 

14272 

14273 

Ft.  in. 

Ft.  in. 

0    10 

0    10 

aO      1 

«0      1 

1    10 

1        h 

•  •         ■  • 

0      « 

•  •         *  • 

0      5 

«0      6 

aO      2 

2      3 

•  ■          •  « 

0      i 

1      7 

0     8 

0    11 

0     2 

0      4 

1      0 

0   4 

2    "6 

?  '4 

rn 

D 
14274 
Ft.  in. 
0    11 


E 
14375 
Ft.  in. 

0    10 


oO 
1 
0 

*6 

«o 

1 


1 

f 

i 


aO 
1 

'6 

0 

aO 

1 


5 

i 

4 
4 


0      1 


2      6 

7      3 
6    lOi 


0      1 
2     9 

6    111 


a  Not  included  in  sample. 

Section  A  (sample  14271)  was  measured  at  the  face  of  room  1,  off  Monkey  heading, 
1,700  feet  west  of  the  mine  mouth. 

Section  B  (sample  14272)  was  measured  at  the  face  of  Monkey  heading,  1,900 
feet  west  of  the  mine  mouth. 

Section  C  (sample  14273)  was  measured  at  the  face  of  Kick-back  heading,  1,250 
feet  northwest  of  the  mine  mouth. 

Section  D  (sample  14274)  was  measured  on  a  chain  pillar  of  first  right  heading,  650 
feet  north  of  the  mine  mouth. 

Section  £  (sample  14275)  was  measured  on  the  pillar  at  the  mouth  of  room  1,  off 
second  right  heading,  950  feet  northwest  of  the  mine  mouth. 

A  composite  sample  was  made  by  mixing  face  samples  14271  to  14275,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14276. 

The  bed  was  measured  and  sampled  at  five  points  in  the  No.  2  mine  by  H.  I.  Smith 
on  July  6, 1912,  as  described  below: 


Sections  of  coal  bed  in  Leckie  No.  2  mine. 


a  Too  brittle  to  exclude. 


8eH4m 

A 

14277 
Ft.  in. 

•  •         •  • 

1      1 

aO      1 

1      8 

•  •         •  • 

•  •         •  • 

60      5 
4      6 

•  •          *  • 

7      9 
7      4 

B 

14278 

Ft.  in. 

0     1 

0      9 

60      1 

•  ■         •  • 

0  3 

1  6 
60      3 

1      6 
1      3 
.. 

•  «         •  • 
«  •         •  • 

1    10 

7      6 
7      2 

c 

14279 
Ft  in. 
0      I 

0  10 
60      1 

1  9 

60      5 

1  8 
0      4 
0      4 

•  •         «  ■ 

0      1 

2  5 

8      0 
7      6 

D 
14280 
Ft.  in. 

0      1 

0  9 
60      1 

2      I 

-  • 

•  •          •  ■ 

60      4 

1  8 
0      3 
0      8 
0      4 

E 

Laboratory  No 

14281 

Roof. ''draw  slate." 

Blocky  coal 

Ft.  in. 
0      1 

Coal 

0  94 
60       { 

1  I 

"ftilphnr"  bf>n<i 

Coair 

Coal.  KraF 

0      4 

%j\r.^f  V  *"J  ....................................... 

Coal 

0      6 

Bone. .  

60      6 

Coal 

1     10 

Coal,  gray 

0      4 

Coal 

Coal,  gray 

Motto  coal •-.... 

Coal 

1      8 

7    11 
7      6 

2  io 

Floor,  clay. 

ThtckiMfR  of  bed 

8      4 

'Hilolmfiwi  of  noal  sampled 

7     9i 

6  Not  included  in  sample. 


Section  A  (sample  14277)  was  measured  at  the  face  of  room  17  off  the  first  right  air 
course,  100  feet  from  the  outcrop. 

Section  B  (sample  14278)  was  measured  at  the  working  face. 

Section  G  (sample  14279)  was  measured  at  the  face  of  the  main  straight  entry,  600 
feet  ioutheaat  of  the  mine  mouth. 
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Sedioa  D  (buii|^  14280)  wm  tueMmmd  at  the  iMc^  oi  nam  ^  off  the  dii^goiiml  entxy. 

Section  E  (6Uii{4e  14281)  w  meMvred  at  tbe  f»c«  of  tte  lint  kft  entzy,  1,300  ieei 
frooi  tlie  miiie  fBoutli. 

A  oompoate  nmf^  was  made  from  Caee  fiun|ilee  14:577  to  14281,  indiuive.  The 
Rsult  d  an  ultimate  ajial>^ifi  of  thie  aunple  are  given  under  bboiatory  No.  14282. 

X0U9. — ^The  Leckie  Xo.  1  and  \o.  2  mine?  are  <^ieBed  by  diift  entziee  and  the  ooal 
mined  by  the  rcioai-and-pillar  6>'^eni.  At  the  time  the  mines  were  viflfted  electric 
chain  machines  were  used  in  Xo.  1  mine  ior  undercutting  the  coal  and  permianble 
exploeiireB  for  breakiiig  the  ociaL  Daily  output^  4-50  tons.  About  30  per  cent  of  the 
ooal  was  obtained  from  advance  workings.  There  was  approximately  25  acres  of 
unmined  ooal  tributary  to  this  entry.  Coal-cutting  machines  were  not  used  in  No.  2 
mine.  Permiwible  explosives  were  used  far  breaking  the  coaL  The  capacity  of 
No.  2  mine  was  450  tons  per  day.  A  laige  part  of  the  ooal  wm  obtained  horn  advance 
workings.  There  was  approximately  35  acres  %A  coal  tributary  to  this  mine.  AH 
the  ooal  from  both  mines  was  shipped  as  run-of-mine.  Picken  were  emj^yed  on 
the  can  in  loading.  There  was  one  loading  track  with  a  capacity  far  20  empty 
and  30  loaded  cars. 


BoDERn£iJ>.    Datt-Pocahontas  No.  1  and  No.  2  Mines. 

Sample. — HemibituniiDoas  coal;  Pocahontas  field;  analyses  Nos.  14262, 14263, 14264, 
14206,  14267,  and  14268  (p.  117). 

Mine. — Dax-y-Pocahontae  No.  1  and  No.  2;  Norfolk  &  Western  district;  drift  mines. 
No.  1  mine  is  1}  miles  and  No.  2  mine  2  miles  east  of  Boderfidd  on  the  Spice  Creek 
branch  of  the  Norfolk  A  Westmi  Railway. 

Coal  bed. — No.  1  mine  is  in  the  War  Creek  bed.  Carboniferous  age,  PottsviDe  forma- 
tion. Avenge  thickness  of  bed,  6  feet.  The  roof  is  sandstone,  to  which  asmall  amount 
of  ooal  adheres.  Floor,  sandstone.  No.  2  mine  is  in  the  Davy  bed.  Carboniferous 
age,  PoUsville  formation.  Average  thickness  of  bed,  3  feet  6  inches.  Roof,  smooth 
sandstone;  floor,  black  carbonaceous  shale  which  is  hard  and  smooth.  Material  horn 
the  floor  occasionally  becomes  mixed  with  the  coal  in  mining.  Cover  at  No.  2 
mine,  200  to  300  feet. 

The  coal  bed  in  No.  1  mine  wais  measured  and  sampled  at  three  points  in  the  mine 
by  H.  1.  Smith  on  July  5,  1912,  and  the  bed  in  No.  2  mine  was  measured  and  sampled 
at  three  points  by  G.  H.  Deike  on  July  5,  1912,  as  described  below: 

SedionM  0/ coal  bed  in  Davy-PocahonUu  So.  1  mine. 


fi«:iioo 

LaXMnXarv  So.. 

Eoof .  naostooe. 

Coal. 


"  Sulphur  "bsod. 

Coal 

Coal,  gray 

Coal. 


MoUmt  ooal  and  **waipbm". 

Coal 

Mother  ooal  and  ''lulpbur". 
Coal 


A 

0     9 


0     5 

0     8 

?  4 


B 

14367 

FL   in. 

1      1 


0 
0 
0 
1 


1 


Coal,  booy '  a 

Coal,  rerj  soft 

Coal 

Coal,  bony 

Floor,  Mady  thalai 

Thickneaiofbed 

Thickncas  of  coal  sampled 


•  • 

aO 

5 

0 

1 

1 

11 

aO 

3 

6 

1 

5 

5 

•  0      7 


2 

>0 

«    1 


? 

n 


C 

itaoB 

FL    im. 
0 


«0 
0 
0 
0 
0 

1 

0 

0 

«0 


1 


4 
4 

1 


A 


2    0 
>0      4 

4    1^ 


«  Not  inohided  in  sample. 


Section  A  (sample  14266)  was  measured  at  the  face  of  room  3,  off  entry  2. 
Section  B  (sample  14267)  was  measured  at  the  face  of  entry  2,  opposite  room  9 
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Section  C  (sample  14268)  was  meaaured  at  the  face  of  entry  7,  at  the  mouth  of  room  15. 

A  composite  sample  was  made  by  mixiag  face  samples  14266,  14267,  and  14268. 

The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14269. 

Secliona  of  coal  bed  in  Davy-Pocahonttu  No.  t  mine. 


Section 

Laboratorv  No 

Boof ,  mnasUme. 

COBl 

Mother  coal 

Coal 

Coal,  gray 

If  other  coal 

Coal 

Coal,  gray 

"Sulphur"  band 

Coal 

Shale,  hard 

Coal 

Shale,  soft,  block 

Floor,  sandy  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

14202 

14263 

Ft   In, 

Ft  in. 

•  •         •  • 

0     3 

•  •         «  • 

0      k 

2    lOi 

0    11 

•  •         •  • 

•  •         •  • 

0       } 

•  •        •  • 

0     3 

•  •         •  • 

0      1 

•  •         •  • 

mm             mm 

6    *7 

aO     2 

oO      1} 

0      2 

0     2 

«M)      6 

aO      6 

I  1 

i'JI 

c 

14264 
FU  in. 


1  1 

0  1 

•  •  • 

0  4 


2 


1 
aO 

0 
aO      6 

3      61 
2    10| 


a  Not  included  in  sample. 

Section  A  (sample  14262)  was  measured  at  the  face  of  room  5,  left  entry  1,  500  feet 
southwest  of  the  mine  mouth. 

Section  B  (sample  14263)  was  measured  at  the  face  of  the  first  left  air  course,  600  feet 
southwest  of  the  mine  mouth. 

Section  C  (samj^e  14264)  was  measured  at  the  face  of  the  main  heading,  600  feet  west 
of  the  mine  mouth. 

A  composite  sample  was  made  by  mixing  face  samples  14262,  14263,  and  14264. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No. 
14265. 

Notes. — No.  1  mine  is  opened  by  a  drift  entry.  The  coal  is  mined  by  irregular  tun- 
neling intended  for  the  room-and-pillar  system.  The  mine  is  not  well  laid  out.  At 
the  time  of  sampling  coal  cutters  were  not  used.  No.  2  mine  was  new;  the  main  entry 
was  about  600  feet  long.  At  the  time  of  sampling  the  work  was  largely  development. 
Electric  chain  coal  cutters  were  used  for  undercutting  the  coal.  Black  powder  was 
used  for  breaking  the  coal  in  both  mines  and  also  for  taking  up  the  floor.  All  of  the 
coal  from  No.  1  mine  was  shipped  as  run-of-mine.  The  coal  from  No.  2  mine  was 
passed  over  bar  screens  with  spaces  li  inches  wide.  Sixty  per  cent  of  the  coal  passed 
through  this  ecreen.  Pickers  were  employed  on  the  cars  in  loading.  The  coal  on 
the  cars  was  very  clean;  the  lumps  were  large  and  had  a  good  appearance.  There 
were  two  loading  tracks  with  a  capacity  for  20  empty  and  20  loaded  cars.  Daily  output 
of  No.  1  mine,  150  tons;  of  No.  2  mine,  80  tons.  There  was  approximately  1,000  acres 
of  unmined  coal  tributary  to  these  mines. 


ROLFE.      ROLFB  MiNB. 

Sample. — Semibituminous  coal,  Pocahontas  field;  analyses  Nos.  14394, 14395, 14396, 
14397,  14398,  and  14400  (p.  117). 

Mine. — Rolfe;  Norfolk  &  Western  district;  a  drift  mine  at  Rolfe  on  the  North  Fork 
branch  of  the  Norfolk  <&  Western  Railway,  3  miles  from  North  Fork. 

Coal  bed. — Pocahontas  No.  3.  Carboniferous  age,  Pottsville  formation.  Average 
thickness,  about  5  feet  2  inches.  The  coal  bed  is  practically  horizontal.  The  roof 
consists  of  a  "draw-slate'*  2  inches  thick,  which  falls  with  the  coal;  above  the  "  draw- 
slate'  '  is  a  hard  smooth  shale.    The  floor  is  a  hard  smooth  shale  which  does  not  become 

47664"— Bull.  85—14 24 
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mixed  with  the  ooftl  in  mining.  There  ia  a  fitreak  of  bony  coal  about  1  foot  from 
the  top  of  the  bed^  which  is  rather  pendstent  throughout  the  mine.  This  is  excluded 
in  the  sections  given  below. 

The  coal  bed  was  measured  and  sampled  at  six  points  in  the  mine  by  E.  B.  Sutton 
and  H.  I.  Smith,  June  25,  1912,  as  described  below: 

Sections  of  coal  bed  in  Rolfe  mine. 


Section 

A 

14394 
Ft.  in. 
1     3 
aO      4 

1  1 
0      4 

•  •          •  • 

2  3 

5     3 
4    11 

B 
14395 
Ft.  in. 

1      4 
aO     8 

1  1 
0      4 

•  •         •  • 

2  1 

5      1 
4    10 

C 
14390 
Ft.  in. 

1     4 
aO     4 

1  1 
0     4 

•  •         •  • 

2  1 

&     2 

4    10 

D 
14397 
Ft.  in, 
1     2 
AG     2 

1  1 

•  •        •  • 

aO     4 

2  8i 

t  4 

E 
14308 
FLin. 

aO     4 

1    a 

••  •  • 

aO     4 
a    8| 

6     U 
4     7 

F 

Laboratory  No 

14400 

Roof,  shale. 

Coal 

Ft.im. 
1      2 

Bone. 

aO     a 

CoaU 

1      0 

Coal,  gray 

Coal.  sray.  bony 

•  0     4 

Coal 

2     2 

Floor,  shale. 

Ttiiolmfim  of  bed 

4    10 

Thickness  of  coal  sampled « 

4      4 

a  Not  included  in  sample. 

Section  A  (sample  14394)  was  measured  at  the  face  of  B-2  butt  entry  ofif  the  B 
entry,  5,800  feet  northwest  of  the  mine  mouth. 

Section  B  (sample  14395)  was  measured  at  the  fttce  of  B-1  butt  entry  off  the  B 
entry,  6,250  feet  northwest  of  the  mine  mouth. 

Section  C  (sample  14396)  was  measured  at  the  face  of  the  left  boundary  heading, 
6,200  feet  northwest  of  the  mine  mouth. 

Section  D  (sample  14397)  was  measured  at  the  face  of  room  15  off  3-A  entry  off  right 
entry  1,  5, 100  feet  northeast  of  the  mine  mouth. 

Section  E  (sample  14398)  was  measured  at  the  face  of  room  18  off  2-A  entry  off 
right  entry  2,  5,000  feet  northeast  of  the  mine  mouth. 

Section  F  (sample  14400)  was  measured  on  the  pillar  of  room  4  off  right  entry  1, 
4,200  feet  east  of  the  drift  mouth. 

A  composite  sample  was  made  by  mixiiig  samples  14394  to  14398,  inclusive.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14399. 

NoUb. — ^The  Rolfe  mine  is  opened  by  drift  entries  and  the  coal  mined  by  theroom- 
and-pillar  system.  At  the  time  the  mine  was  visited  the  coal  was  undercut  by  electric 
chain  cutters  and  broken  down  with  FFFF  black  powder.  FFF  black  powder  was 
used  for  brushing  the  roof.  All  of  the  coal  was  shipped  as  run-of-mine  and  pickers 
were  employed  on  the  cars  in  loading.  The  lumps  were  fairly  laige>  ranging  from 
6  to  12  inch  cubes.  There  were  two  loading  tracks  with  a  capacity  for  22  empty  and 
45  loaded  cars.  There  were  no  storage  bins.  Daily  output,  700  tons  with  a  maximum 
day's  run  of  875  tons.    All  of  the  coal  was  from  advance  workings. 

SUSANA.      YUKON-POCAHONTAS. 

Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  14425,  14426, 
14427,  14428,  and  14429  (p.  118). 

Mine. — Yukon-Pocahontas,  Norfolk  Sl  Western  district;  a  drift  mine  one-fourth  mile 
west  of  Susana  station  (Yukon  post  office)  on  the  Norfolk  &  Western  Railway. 

Coal  bed. — ^War  Creek.  Carboniferous  age,  Pottsville  formation .  Average  thickness, 
about  5  feet  3  inches.  Dip,  1}  per  cent  to  the  northwest.  Roof,  shale;  floor,  bony 
coal  15  inches  to  30  inches  thick,  underlain  with  sandstone. 

The  coal  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  II.  I.  Smith 
and  E.  B.  Sutton,  June  28,  1912,  as  described  below: 
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Sectwns  of  coal  bed  in  Yukon-Pocahontas  mine. 


8«otion 

LaboratoiyNo 

Ro(^  shale. 

Coal  and  mother  coal 

Coal 

BODB 

Coal 

"Sulphur"  band 

Coal 

Bone 

Floor,  sandstone. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


A 
14425 
Ft.    in. 
aO    H 


0  11} 
Streak. 

3    4 
ol    4 


5 
4 


9 
3} 


B 

14426 

Ft,    «n, 

«  •         •  • 

0    1 
HO      } 

0  9 
Streak. 

1  lOi 
al    3} 


4 

2 


C 

14427 

FL    in. 


1  1 
Streak. 

2  7 
ol    8) 

5    4} 

3  8 


D 

14428 
FL    in. 
oO      2 


4 
oO    10 


5 
4 


E 
14429 
Ft.    in, 

oO   3i 


2 

0 

1 

al 


h 


9 
0 


5    3 
8  11} 


a  Not  included  hi  sample. 

Section  A  (sample  14425)  was  measured  on  a  pillar  of  the  third  right  cross-cut  of! 
the  main  entry,  at  the  last  break-through,  1,200  feet  northwest  of  the  old  opening. 

Section  B  (sample  14426)  was  measured  at  the  face  of  room  24  off  the  main  air  course, 
1,700  feet  southwest  of  the  main  opening. 

Section  C  (sample  14427)  was  measured  at  the  face  of  the  main  entry,  1,850  feet 
southwest  of  the  main  opening. 

Section  D  (sample  14428)  was  measured  at  the  foce  of  room  7  off  the  main  air  course, 
850  feet  southwest  of  the  main  opening. 

Section  £  (sample  14429)  was  measured  at  the  foce  of  room  14  off  the  main  air  course, 
1,100  feet  southwest  of  the  main  opening. 

A  composite  sample  was  made  by  mixing  face  samples  14426  to  14429,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14430. 

Notes. — ^The  Yukon-Pocahontas  mine  is  opened  by  drift  entries  and  the  coal  mined 
by  the  room-and-pillar  system.  At  the  time  the  mine  was  visited  all  of  the  coal  was 
mined  by  lumd.  FFF  black  blasting  powder  was  used  for  breaking  the  coal.  None 
of  the  coal  was  shipped  as  run-of-mine.  The  screening  plant  was  equipped  with 
screens  for  producing  4-inch,  IJ-inch,  and  f-inch  coal.  Pickers  were  employed  on 
the  car  in  loading  and  also  at  a  traveling  belt.  The  coal  lumps  were  laige  and  had  a 
good  appearance.  There  were  four  loading  tracks  with  a  capacity  for  40  empty  and 
35  loaded  cars.  The  mine  had  a  daily  output  of  400  tons,  practically  all  of  which  was 
from  advance  workings.  The  maximum  capacity  of  the  mine  was  about  575  tons  per 
day.    There  was  about  4,000  acres  of  unmined  coal  tributary  to  this  mine. 

Matbeury.    Norfolk  Mine. 


Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  11247  and  11780 
(p.  119). 

Mine. — Norfolk,  a  drift  mine  2  miles  from  Maybeury,  on  the  Norfolk  &  Western 
Railway. 

Coal  bed. — ^Pocahontas  No.  3.  Carboniferous  (Pennsylvanian)  age,  Pocahontas  for- 
mation.   The  bed  is  about  8)  feet  thick  and  lies  nearly  horizontal. 

Two  car  samples  of  coal  from  this  mine  were  taken  by  E.  R.  Linkenhoker  as  the 
cars  were  being  unloaded  at  the  Bureau  of  Mines  testing  station  at  Pittsbuigh,  on 
November  28,  1910,  and  March  2,  1911,  respectively. 

Samples  11247  and  11780  each  represent  a  car  load  of  f-inch  to  l^inch  nut  coal. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine,  see  Bureau 
of  Mines  Bull.  22,  1913,  pp.  265, 1001. 
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War.    John's  Branch  Mink. 

• 

Sample. — Semibituminous  coal;  Pocahontas  field;  aDalysos  Nob.  14468,  14469, 
14470, 14471,  and  14472  (p.  119). 

Mine. — John's  Branch,  Norfolk  A  Western  district;  a  drift  mine  1  mile  south  of  War 
on  the  Dry  Fork  branch  of  the  Norfolk  &  Western  Railway. 

Coal  bed. — War  Creek.  Carboniferous  age,  Pottsville  formation .  A veiage  thickness, 
3  feet  10  inches.  The  coal  bed  is  practically  horizontal.  Roof,  4  inches  ol  ''draw 
slate,''  which  parts  easily  from  the  coal.  Above  the  ''draw  slate"  is  a  main  cap 
rock.    Floor,  sandstone. 

The  coal  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  H.  I.  Smith 
and  £.  B.  Sutton,  Jime  29,  1912,  as  described  below: 

Sections  of  coal  bed  in  John's  Branch  mine. 


Section 

Laboratory  No 

Roof,  ''drow  slate." 

Coal 

Coal,  pay 

Coal,  bony 

Coal 

Mother  coal  and  **  sulphur  " . . 

Coal 

Coal,  bony 

Flow,  shale,  coal,  and  sandstone. 

Thicknets  of  bed 

Thickness  of  coal  sampled — 


A 

B 

C 

14468 

14460 

14170 

Ft.  in. 

Ft.  in. 

int.  in. 

0  31 

0  3i 

•  •    •  • 

0   1 

•  •    *  • 

•  •    •  • 

•  •    •  * 

0   } 

•  •    •  • 

1   6 

3  6 

3  8 

0   i 

•  •    •  « 

•  «    «  • 

0  10 

•  •    to  • 

•  •    •  » 

oO   7 

..  .. 

aO   8 

3   4 

3  10 

4   4 

2   9 

3  10 

3   8 

D 

14471 
Ft.  in. 


S     7 


OO      9 


4 
3 


4 

7 


«  Not  included  fai  sample. 

Section  A  (sample  14468)  was  measured  at  the  face  of  the  main  entry,  800  feet  hiom 
the  mine  mouth. 

Section  B  (sample  14469)  was  measured  at  the  face  of  heading  3  off  the  right  entry. 

Section  C  (sample  14470)  was  measured  at  the  ^e  of  room  4  off  the  fiist  left  air 
course. 

Section  D  (sample  14471)  was  measured  at  the  face  of  the  first  right  butt  entry  off 
left  entry  2. 

A  composite  sample  was  made  by  mixing  face  samples  14468  to  14471,  inclusive. 
The  results  of  an  ultimate  aualyds  of  this  sample  are  given  under  laboratory  No. 
14472. 

Notes. — ^The  John's  Branch  mine  is  opened  by  drift  entries  and  the  coal  mined  by 
the  room-and-pillar  system.  At  the  time  of  sampling  all  the  mining  was  done  by 
hand  and  the  coal  broken  with  FFF  black  powder.  All  of  the  coal  was  shipped  as 
run-of-mine.  There  was  no  screening  plant.  Pickers  were  employed  on  the  car  in 
loading.  The  lumps  of  coal  were  laige  and  had  a  good  appearance.  The  k)ading 
tracks  had  a  capacity  of  15  empty  and  15  loaded  cars.    Daily  output,  125  tons. 

War.    War  Crbbk  Kine. 


Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  14405,  14406, 
14407,  and  14408  (p.  119). 

Mine. — ^War  Creek,  Norfolk  &  Western  district;  a  drift  mine  at  War,  on  the  Dry 
PVk  branch  of  the  Norfolk  &  Western  Railway. 

Coal  bed. — ^War  Creek.  Carboniferous  age,  Pottsville  formation^  Aven^  thick- 
ness, 4  feet.  Roof,  smooth  shale,  10  feet  thick,  which  does  not  fall  when  the  coal  is 
mined.    Floor,  soft  sandstone. 

The  coal  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  H.  I. 
Smith  and  E.  B,  Sutton  on  June  30,  1912,  as  described  below: 
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Sections  of  coal  bed  in  War  Creek  mine. 


Beetioii 

Laboratory  No 

Roof,  shale. 

Goal,  bony 

Coal 

Mother  coal  and  ''sulphur''. 

Coal 

Mother  coal  and  "sulphur". 

Coal 

Coal,  bony 

Fkwr.  sandstone. 

TbiokneaB  of  bed 

Thickness  of  coal  sampled . . 


A 
14405 
Ft.  in. 
0    8^ 


1 
0 
1 
0 

3 
3 


n 

4 

4 


B 
14406 
Ft.  in. 
0     2} 


0 
0 
1 
0 
1 
0 


8 

i 
I 

7J 


3    11 
3    11 


C 
14407 
Ft.  in. 


3     0 


3     0 
3     0 


Seotioii  A  (sample  14405)  was  measured  at  the  face  of  the  fourth  left  cross  entry 
off  the  main  entry. 

Section  B  (sample  14406)  was  measured  at  the  face  of  the  main  entry,  1,200  feet 
from  the  mine  mouth. 

Section  C  (sample  14407)  was  measurod  at  the  face  of  room  4  off  the  main  air  course, 
about  1,000  feet  from  the  mine  mouth. 

A  composite  sample  was  made  by  mixing  face  samples  14405,  14406,  and  14407. 
The  results  of  an  ultimate  analysis  of  this  sample  are  givoi  under  laboratory  No.  14406. 

Notes. — ^The  War  Creek  mine  is  opened  by  drift  entries  and  the  coal  mined  by 

the  room-and-pillar  system.    At  the  time  of  sampling  the  coal  was  undercut  by  hand 

and  in  some  places  was  cut  at*the  top  of  the  bed.    FFF  black  blaeting  powder  was 

used  both  for  breaking  the  coal  and  for  brushing  the  roof.    All  of  the  coal  was  shipped 

as  run-of-mine.     Pickers  were  employed  on  the  car  in  loading.     The  coal  had 

a  good  appearance  wh^i  loaded,  the  lumps  being  fairly  large.    There  was  one  loading 

track  with  a  capacity  for  a  number  of  cars.    Daily  output,  50  tons.    There  was  about 

1,000  acres  of  land  tributary  to  tb^  mine.    The  War  Creek  mine  is  comparatively 

new. 

Welch.    Orboon  No.  2  and  No.  3  Minks. 

Sample. — Semibituminous coal;  Pocahontas  field;  analyses  Nos.  14212, 14213, 14214, 
14215,  14216,  and  14217  (p.  120). 

Mine. — Oregon  No.  2  and  No.  3;  Norfolk  &  Western  district;  drift  mines,  2  miles 
west  of  Welch,  Hemphill  Towni^ip,  with  railroad  connections  to  the  Norfolk  &  Wes- 
tern Railway. 

Coal  bed. — Pocahontas  No.  4.  Carboniferous  age,  Pottsville  formation.  Average 
thickness,  3  feet  6  inches;  the  bed  is  practically  horizontal.  The  roof  is  a  dark,  hard, 
nnooth,  sandy  shale,  and  does  not  fall  immediately  after  the  coal  is  taken  out.  Floor, 
hard,  smooth  sandstone.  Material  from  the  roof  and  from  the  floor  does  not  become 
mixed  with  the  coal  when  mined.    Cover,  150  to  450  feet. 

The  coal  bed  was  measured  and  sampled  at  five  points  in  the  mines  by  G.  H.  Deike 
on  June  30,  1912,  as  described  below: 

Sections  of  coal  bed  in  Oregon  No.  2  and  No.  S  mines. 


Section 

lAbanUxy  No 

Roof,  shale. 

Goal 

Gray  ooal,  hard 

Coal 

Floor,  sandstone. 

Tnickness  of  bed 

Thickness  of  ooal  sampled 


A 

B 

C 

D 

14212 

14213 

14214 

14215 

Ft.  in. 

Ft.  in. 

Ft.  in. 

Ft.  in. 

0  11 

1   0 

1   0 

0  10 

0   4 

0   4 

0   4 

0   4 

2   4 

2   1 

2   9 

1  11 

3   7 

3   5 

4   1 

3   1 

3   7 

3   5 

4   1 

3   1 

14216 
Ft.  in. 

1  0 
0     4 

2  0 


3 
3 


4 
4 


Section  A  (sample  14212)  was  measured  at  the  face  of  main  entry,  3,000  feet  south- 
west of  mouth  of  No.  3  mine. 
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Section  B  (sample  14213)  was  measured  at  the  face  of  room  16  off  fourth  left  entry, 
2,000  feet  south  of  mouth  of  No.  3  mine. 

Section  C  (sample  14214)  was  measured  on  the  pillar  of  room  1 ,  off  first  left  entry, 
800  feet  southeairt  of  mouth  of  No.  3  mine. 

Section  D  (sample  14215)  was  measured  at  the  face  of  the  main  entry,  4,000  feet 
south  of  mouth  of  No.  2  mine. 

Section  E  (sample  14216)  was  measured  on  the  rib  of  room  11,  off  the  air  course, 
100  feet  from  the  face  and  3,500  feet  southeast  of  mouth  of  No.  2  mine. 

A  composite  sample  was  made  by  mixing  samples  14212  to  14216,  inclusive.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  imder  laboratory  No.  14217. 

Notes. — ^The  Oregon  mines  are  opened  by  drift  and  worked  by  the  room-and-pillar 
system  of  mining.  At  the  time  of  sampling,  the  coal  was  undercut  by  compreased 
air  punchers  and  shot  down  with  FFF  black  powder.  Permissible  explosives  were 
used  for  brushing  the  roof.  The  tipple  was  equipped  with  a  shaking  screen  5  by  24 
feet  with  3-inch  holes.  Fifty  per  cent  of  the  coal  passed  through  the  screens.  About 
50  per  cent  of  the  coal  was  shipped  as  run-of-mine.  The  coal  had  a  good  appearance 
when  loaded  on  the  cars.  There  were  two  loading  tracks  with  a  capacity  of  25  empty 
and  20  loaded  cars.  There  was  about  1,800  acres  of  immined  land  tributary  to  this 
mine.  Forty  per  cent  of  the  coal  was  taken  out  in  advance  workings.  The  capacity 
of  the  mines  was  450  tons  a  day  with  a  maximum  day's  run  of  about  800  tons. 

Welch.    Standard  Pocahontas  Mine. 

Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  12512  and  12513 
(p.  120). 

Mine. — Standard  Pocahontas;  Norfolk  &  Western  district;  the  mine  is  opened  by 
a  shaft  370  feet  deep  and  is  2  miles  west  of  Welch  on  the  Norfolk  &  Western  Railway. 

Coal  bed. — Pocahontas  No.  3  bed.  Carboniferous  age,  Pocahontas  formation .  Thick- 
ness, 4  feet  7  inches  to  6  feet.  There  is  a  characteristic  bone  parting  2  to  5  inches  thick 
near  the  middle  of  the  bed.  Roof,  ''draw  slate,"  overlain  by  3  feet  of  black  shale. 
Pkurticles  of  the  roof  did  not  mix  with  the  coal  in  loading.  Floor,  hard,  smooth,  sandy 
clay.    Cover,  about  375  feet. 

The  coal  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  J.  T.  Ryan 
on  August  8, 1911,  as  described  below: 

Seduma  of  coal  bed  in  Standard  Pocahontas  mine. 


fieotioD 

Laboratory  No 

Roof,  shAte. 

Coal  laminated  with  mothar  ooal. 

"Sulphur" 

Coal 

Booe 

Coal 

Mothar  ooal 

Coal.'. 

Shale 

Coal. 


Floor,  sandy  clay. 
Thidmeesof  bed. 


ThiCknen  of  ooal  sampled. 


A 

B 

12512 

12S13 

Ft.   m. 

Ft.    fn. 

0  4 

«0  4 

0  3» 

•  •   •  • 

aO   21 

0  M 

*  •    *  • 

0   1 

WW       •  • 

2  10 

3   4 

S  4 

\  4 

4  11 

4   8i 

a  Not  included  In  sample. 

Section  A  (sample  12512)  was  measured  at  the  face  of  the  main  entry  in  No.  2  shaft, 
85  feet  from  the  bottom  of  the  shaft. 

Section  B  (sample  12513)  was  measured  at  the  face  of  entry  driven  froni  No.  1  shaft 
to  connect  with  No.  2  shaft,  about  120  feet  from  the  bottom  of  No.  1  shaft. 

Notes. — At  the  time  of  sampling  the  coal  was  undercut  by  puncher  machines  and 
blasted  down  with  permissible  explosives.  The  machine  cutting^  were  loaded  out 
^  with  the  coal.    The  entire  future  output  of  the  mine  will  be  from  advanced  work  aa 

this  is  a  new  developfaient. 
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MABION  OOXTNTY. 

MoNONOAB.    Mine  No.  63. 

^omp^.— BituminouB  coal;  analyses  Nos.  11429,  11430, 11431,  and  11432  (p.  121). 

Mine. — ^No.  63  (formerly  No.  8)  Monongahela  district;  a  slope  mine  at  Monongah, 
on  the  main  line  of  the  Baltimore  and  Ohio  Railroad. 

Coal  bed. — Pittsburgh.  Carboniferous  age,  Monongahela  formation;  average  thick- 
ness 7  feet;  dip  about  3^  northwest;  roof,  dark  shale  2  to  8  feet  thick  with  sandstone 
cap  rock;  floor,  fire  clay;  cover  at  points  of  sampling,  200  to  400  feet. 

The  bed  Was  measured  and  sampled  at  four  points  in  the  mine  by  J.  J.  Rutledge  on 
.December  19,  1910,  as  described  below: 

Sections  of  coal  bed  in  No.  6S  mine,  at  Monongah. 


Section 

lAboratory  No 

Roof,  shale. 

Coal 

"Sulphar"  band 

Coal 

Coal,  bony 

Coal 

Coal,  bony 

Coal 

Coal,  bony 

Coal 

"Sulphur"  band 

Coal 

"Sulphur"  band 

Coal 

Floor,  clay. 

Thickness  of  bed 

Thickness  of  ooal  sampled. 


A 

B 

C 

114» 

11430 

11481 

Ft.    in. 

Ft.    in. 

Ft.    in. 

2   0 

1    11 

1      7 

•  •         •  ■ 

I  ^ 

•  0       1 

oO 

aO      1 

•   •               •    • 

0  a 

0      4 

»   •               •  • 

aO 

aO        I 

•   •               •   • 

0    ; 

0      4 

1      5 

oo    1 

OO      1 

OO   n 

2    3 

2    10 

3    10 

aO      1 

oO       1 

•  •         ■  • 

0    0 

•  •         •  • 

•  •         •  • 

0    i 

■  •         ■  ■ 

•  •         •  « 

1    6 

I      7i 

•  •         •  • 

U 

7     7f 
7     5 

7     0 
6    10  . 

D 

11432 

Ft.    in. 


0 

0 

0 

aQ 

2 
0 
1 


n 


i 


4 

1 
10 


4 


^  S 


o  Not  included  in  sample. 

Section  A  (sample  11429)  was  measured  at  the  face  of  room  14,  off  left  entry  3  off 
north  entry  2,  about  2,700  feet  northwest  of  the  mouth  of  the  main  slope. 

Section  B  (sample  11430)  was  measured  at  the  face  of  room  14  off  left  entry  4  off 
north  entry  2,  about  3,200  feet  northwest  of  the  mouth  of  the  main  slope. 

Section  C  (sample  11431)  was  measured  at  the  face  of  room  18  off  left  entry  2  off 
north  entry  2,  about  2,650  feet  from  the  mouth  of  the  main  slope. 

Section  D  (sample  11432)  was  measured  at  the  face  of  room  30  off  left  entry  1,  off 
north  entry  2,  about  2,900  feet  northwest  from  the  mouth  of  the  main  slope. 

A  composite  sample  was  made  by  mixing  i&ce  samples  11429  to  11432,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No. 
11433. 

Notes. — Coal  hard  and  blocky  and  used  largely  for  firing  locomotives,  by-products 

and  lake  shipments;  some  coke  was  made  from  the  screenings  at  the  mine.    There 

were  three  loading  tracks  with  capacity  for  60  to  75  cars.    The  coal  was  mined  by  the 

room-and-pillar  system  with  modified  panel  system;  permissible  explosives  were 

used  exclusively;  the  coal  was  undercut  with  electric  chain  machines;  daily  output, 

800  to  1,000  tons. 

Montana  Station.    Parker  Kun  Mine. 

^amp^.— Bituminous  coal;  analyses  Nos.  15067,  15068,  15069,  15070,  15071,  and 
15072  (p.  121). 

Mine. — Parker  Kun;  Monongahela  district;  a  drift  mine  one-fourth  of  a  mile  north 
of  Montana  station  on  the  Baltimore  &  Ohio  Kailroad. 

Coal  bed. — Known  as  the  Sewickley.  Carboniferous  age,  Monongahela  formation. 
Thickness,  5  feet  6  inches  to  6  feet ;  average,  5  feet  9  Inches.  The  character  of  the  seam 
is  fairly  regular,  though  there  are  some  sulphur  balls  and  occasional  clay  binders. 
Hoof,  smooth  sandstone;  floor,  soft  fire  clay;  particles  of  the  roof  and  floor  sometimes 
become  mixed  with  the  coal  in  loading. 
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The  bed  was  meMured  and  Bunpled  at  five  poiatB  in  tlw  n 
EdwinHif!giTUionN"veniber9.  1912,  asdescribed  below: 

Settum$  of  raal  bat  in  Porter  Run  van 


A 

B 

Fi.    la. 

.'     > 

i    ii 

S    II) 

c 

.5'!' 

»       t 

■*i   *i 

ft.    im. 

■  •     J 

■  6  "i 

ill; 

•si 

Fl.    fa. 

•!  4 

•  0     ^ 

'1?t 

■  Not  Eu^ded  In  noiplc. 

Sectioo  A  (sample  15067)  waa  cut  from  a  pillar  on  the  main  entiy  at  the  month  of 
ti^  entjy  7 ,  2,100  feet  norlhesst  of  the  mine  month. 

Soction  B  (Mmple  ISOftS)  wu  meaauied  at  the  (ace  of  iDom  8  oS  ri^t  entry  6. 

Section  C  (eunple  15069)  was  meamired  at  the  tace  of  loom  21  off  right  enby  3. 

Sertion  D  (sample  15070)  was  cut  faom  a  pillar  on  the  main  air  courm  at  the  nouth 
of  left  entry  2. 

Section  E  (sample  15071)  was  measured  at  the  face  of  the  fourth  left  air  course, 
1,800  feet  nortiieast  of  the  mine  mouth. 

A  comporite  sample  waa  made  by  mixing  the  face  samples  15068, 15069,  and  15071. 
TbeiesDllflof  an  ultimate  aaalysiBOf  this  sample  ue  given  under  labonitory  No.  15072. 

Nola.^kl  the  time  of  umplii^  the  goaI  was  und^cut  by  hand  and  o(Hn{»ened  air 
punchers  and  shot  down  with  fTF  black  powder.  BUck  powder  was  alao  used  for 
brushing  the  roof  and  floor.  All  the  coal  was  shipped  as  run-of-mine.  Average 
daily  output,  450  tons.  Practically  all  of  the  coel  was  derived  from  advan(«  work- 
ings. There  wasappiDzimately  1,500  acres  of  unmined  coal  tributary  to  this  opening. 
Probable  life  of  miiie,about  26  years. 

WoKTHDiaTOM.      HUTCHINBOH    UlNK. 

«flmpl«.— Bituminous  coal;  analyses  Noh.  11152,  11153,  111&4,  and  11155  (p.  121). 

J6'n«.— Hutchinson;  Monongahela  district;  a  slope  mine  1  mile  from  Worthington, 
on  the  Baltimore  A  Ohio  Baitioad. 

Coalhtd. — t^ttsbuigh.  CarbonUeionsage.Honangahelaforraalion.  Average  thick- 
ness, 102  inches;  dip,  lt°  northwest;  roof,  ftrm,  smooth,  dark  shale;  floor,  hard,  nnootfa 
fireclay.     Thereisa  workable  coal  bed  120  feet  above  this  bed. 

The  bed  was  measured  and  sampled  at  four  points  in  the  Hut(4iiiiBiin  minebv  A.  A. 
Stnnb,  on  November  6,  1910,  as  dewribed  below: 


w. 

fl 

H.    In. 
D   a 

th.. 

0  1 

*^''°::::::::::::;:::::::;::::;::: 

Ft.    fa. 

as'"""-"' :■:: :::::::::■; 

Sa**"""' 

S   ! 

"-!M&«;^ 

,     , 
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Section  A  (aaraple  11152)  was  measured  on  pillar  15  on  left  heading  3,  2,500  feet 
south  from  the  mouth  of  the  main  slope. 

Section  B  (sample  11153)  was  measured  on  pillar  20  on  left  heading  1 , 1 ,500  feet  south 
of  the  mouth  of  the  main  slope. 

Section  C  (sample  11154)  was  measured  at  the  face  of  room  8  off  the  fourth  left 
butt  entry,  3,000  feet  south  of  the  mouth  of  the  main  slope. 

Section  D  (sample  11155)  was  measured  at  the  face  of  room  10  off  left  heading  2, 
1 ,000  feet  south  of  the  mouth  of  the  main  slope . 

A  composite  sample  was  made  by  mixing  samples  11152  to  11155,  inclusive.  The 
result  of  an  ultimate  analysis  of  this  sample  is  given  under  laboratory  No*  11156. 

Notei. — ^The  coal  was  mined  by  the  room-and-pillar  system.  At  tiie  time  of 
sampling  black  powder  was  used  for  breaking  down  the  coal  after  imdercutting  by 
electric  chain  cutters;  permissible  explosives  were  used  for  brushing  the  roof.  None 
of  the  coal  was  shipped  as  run-of-mine;  coal  was  screened  over  1^  and  )-inch  bar 
screens;  pickers  were  employed  on  the  cars  when  loading;  there  were  three  loading 
tracks  with  capacity  for  32  cars.  Daily  output  of  mine,  400  tons.  About  60  per  cent 
of  the  coal  produced  was  from  advance  work.  Recovery,  90  per  cent  when  pillars  are 
pulled.   There  was  151  acres  of  coal  tributary  to  the  main  sk^. 

MAKSHATJi  OOIirNTY. 

MOUNDSVILLE.      PaNAMA   MiNB. 

iSomp^.—Bituminous  coal;  analyses  Nos.  14486, 14487,  and  14488  (p.  122). 

Itifu. — Panama;  Wheeling  district;  a  shaft  mine  1  mile  south  of  Moundsville 
station,  on  the  Baltimore  &  Ohio  Railroad. 

Coal  bed. — Pittsburgh.  Carboniferous  age,  Monongahela  formation.  Average  thick- 
ness, 5  feet  6  inches.  Tliere  is  a  distinct  cleat  extending  north  and  south.  Occa- 
sional clay  veins  are  encountered.  The  immediate  roof  consists  of  a  ^Mraw  slate? 
over  which  is  a  roof  coal  and  shale  with  a  limestone  cap  rock.  Floor,  underclay  and 
limestone.  Small  amounts  of  the  shale  from  the  roof  and  underclay  occasionally  mix 
with  the  coal  in  mining.    Cover  at  points  of  sampling,  400  feet. 

The  coal  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  G.  H.  Deike 
and  J.  T.  Ryan  on  July  20, 1912,  as  described  below: 

Sections  of  coal  bed  in  Panama  mine. 


Sectkm 

Laboratory  No 

Roof,  "draw  slate",  roof  coal,  and  limestone. 

Ooal^bony 

Coal 

Mother  ooal 

Coal ; 

Mother  ooal 

Coat 

Shale,  black 

Coal... 

Ooal.  bony 

Mother  coal  or*'salphiir" 

Coal. 

Coal  with  streaks  of  mother  ooal  and  "sulphur".. 

"Snlphur"  band 

Coal  streaked  with  bony  ooal 

Fkx>r,  underclay  and  limestone. 

Thioimttsofbed 

Thickness  of  ooal  sampled 


a  Not  included  in  sample. 

Section  A  (sample  14486)  was  measured  at  the  fare  of  the  second  south  air  course, 
2,050  feet  southeast  of  the  shaft. 

Section  B  (sample  14487)  was  measured  at  tbe  i&oe  of  room  3  off  right  entry  2  off  north 
entry  2,  at  a  point  1,700  feet  northeast  of  the  shaft. 
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A  composite  aunple  wm  mide  by  combiniiig  samples  14486  and  14487.  The  results 
of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14488. 

Notti. — The  Panama  mine  is  opened  by  a  diaft  138  feet  deep.  The  coal  is  mined  by 
the  room-and-pillar  system.  At  the  time  of  sampling  the  coal  was  undercut  with 
electric  coal  cutting  machines  and  broken  down  with  black  powder.  The  ma- 
chine cuttings  were  loaded  out  with  the  coal.  About  35  per  cent  of  the  coal  passed 
through  the  screens.  The  screening  plant  consisted  of  ban  12  feet  long  with  1}  and 
f  inch  openings.  No  pickers  were  employed  on  the  can  or  belt.  The  lumps  weie 
small.  There  were  two  loading  tracks  with  a  capacity  of  15  loaded  can.  Approxi- 
nuttely  3,000  acres  remained  to  be  mined.  The  probable  lifetime  of  the  mine  was  30 
yean.    The  maximum  day's  run  was  650  tons.    Average  daily  output,  450  tons. 

MB&CEB  OOXTNTY. 

Crystal.    Godfrey  Minb. 

Sample. — Smnibituminous  coal;  Norfolk  A  Western  field;  analyses  Nos.  14258, 14250, 
and  14261  (p.  122). 

Miru. — Godfrey,  Pocahontas  district,  a  drift  mine  i  mile  southeast  of  Crystal  on  the 
Wenonah  branch  of  the  Norfolk  &  Western  Railway. 

Coal  bed. — Pocahontas  No.  3.  Caiboniferous  age,  Pottsville  fcnrmation.  Average 
thickness,  4  feet  6  inches;  dip,  1^  per  cent  northwest.  Px>of,  smooth  gray  shale;  floor, 
hard  fire  clay.  Material  from  the  roof  and  floor  does  not  become  mixed  with  the  coal 
in  mining.    Cover,  150  to  200  feet. 

The  coal  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  D.  J.  Price, 
July  2, 1912,  as  described  below: 

Seciioniof  coal  bed  in  Godfrey  mine. 


Section ABC 

LAboratoryNo 14268  14250  1«M1 

Roof,  shale.  Ft.  in.  Ft.fiL  It,  in. 

Cool 18  1    10  12 

"Sulphur" band «0     1  ..    ..  ao     1 

Coal 0     5  ....  0     6 

Bone «0     4  «0     3  aO     8 

Coal 1    11  2     2  2     7 

Floor,  fire  clay. 

Tnlokncas  of  bed 4     u  4     3  4     7 

Tblcknen  of  coal  sampled 3     7  4     0  4     S 


a  Not  included  in  sample. 

Section  A  (sample  14258)  was  measured  on  the  pillar  of  right  entry  2, 1,100  feet 
northeast  of  the  mine  mouth. 

Section  B  (sample  14259)  was  measured  in  room  3,  left  heading  2,  off  the  old  main 
entry,  700  feet  southeast  of  the  mine  mouth. 

Section  C  (sample  14261)  was  measured  at  the  face  of  room  4,  next  to  "Crystal.'* 

A  composite  sample  was  made  by  mixing  samples  14258  and  14259.  The  results  of 
an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14260. 

Notes. — ^The  Godfrey  mine  is  opened  by  drift  entry  and  the  coal  mined  by  the  room- 
and-pillar  system. 

At  the  time  the  mine  was  visited  the  coal  was  undercut  by  hand  and  shot  down  with 
FFF  black  powder.  About  20  per  cent  of  the  coal  mined  was  from  advance  workings 
and  the  remainder  was  from  pillars.  AU  of  the  coal  was  shipped  as  run-of-mine  and 
pickers  were  employed  on  the  cars  in  loading.  The  tipple  was  about  5,000  feet 
from  the  mouth  of  the  mi  ne .  The  distance  from  the  foot  of  the  incline  to  the  tipple  was 
about  2,000  feet.  The  loading  track  had  a  capacity  for  14  empty  and  17  loaded  cars. 
Daily  production,  100  tons.  There  was  approximately  40  acres  of  unmined  coal  tribu- 
tary to  this  entry. 
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Goodwill.    Goodwill  Mine. 

Sample, — SemibituminouB  coal;  Pocahontas  field ;  analyses  Nos.  14163, 14164, 14165, 
14166,  and  14167  (p.  123). 

Mine. — Goodwill;  Norfolk  and  Western  district;  a  drift  mine  in  Goodwill  township, 
^  mile  northeast  of  Goodwill  on  a  branch  of  the  Norfolk  &  Western  Railway. 

Coal  bed. — ^Pocahontas  No.  3.  Carboniferous  age,  PottsviUe  formation.  Average 
thickness  4  feet  8  inches;  dip,  2  per  cent  northwest.  Rolls  occur  in  the  bottom  of  the 
coal,  but  no  tiiults  or  horsebacks  are  encountered .  The  roof  is  a  * '  draw  slate ' '  8  inches 
thick,  overlain  with  sandstone;  the  floor  b  a  smooth  shale  about  15  inches  thick,  below 
which  there  is  a  small  amount  of  coal  and  sandstone.  Particles  of  the  roof  do  not  mix 
with  the  coal,  although  a  small  amount  of  the  shale  bottom  becomes  mixed  with  the 
coal  in  mining.    Cover  at  points  of  sampling,  300  to  400  feet. 

The  coal  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  D.  J.  Price  on 
June  24  and  25, 1912,  as  described  below: 

Sections  of  coal  bed  in  Goodivill  mine. 


Section 

Laboratory  No 

Roof,  sandstone. 

Coal 

B<me  and  '' sulphur  " 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

C 

14163 

14164 

14165 

Ft.   in. 

Ft,   in. 

Ft.   in. 

1   1 

1   li 

I     4 

«0  5 

aO   5 

aO   5 

3   3 

3  2\ 

2   9 

4   9 

4   9 

4   6 

4   4 

4   4 

4   1 

D 

14166 

Ft.   in. 

1  3 
oO      4} 

2  10 

4      5} 
4      1 


a  Not  included  in  sample. 

Section  A  (sample  14163)  was  measured  at  the  f&ce  of  room  16,  eighth  left  cross  entry, 
3,700  feet  north  of  drift  mouth  No.  3. 

Section  B  (sample  14164)  was  measured  at  the  face  of  room  3,  off  second  crosscut  off 
Smith 's  entry,  3,000  feet  northeast  of  drift  mouth  No.  3. 

Section  G  (sample  14165)  was  measured  at  the  face  of  the  first  crosscut  off  NichoFs 
entry,  2,850  feet  east  of  drift  mouth  No.  2. 

Section  D  (sample  14166)  was  measured  on  a  pillar,  2,400  feet  east  of  drift  mouth 
No.  2. 

A  composite  sample  was  made  by  combining  pillar  sample  14166  and  face  samples 
14163,  14164,  and  14165.  The  ultimate  analysis  of  this  sample  is  represented  by 
laboratory  No.  14167. 

Notes. — The  Goodwill  mine  is  opened  by  3  drift  entries  2,388  feet  above  sea  level. 
The  coal  is  mined  by  the  room-and-pillar  method.  At  the  time  of  sampling  the  coal 
was  undercut  by  hand  and  electric  short  wall  machines.  The  undercuttings  were 
loaded  out  with  the  coal.  The  coal  was  broken  down  with  FFF  black  blasting  powder 
and  a  permissible  powder  was  used  for  brushing  the  floor  and  roof.  Although  all  the 
coal  was  shipped  as  run-of-mine,  the  tipple  was  equipped  with  screens  as  follows: 
Bars  8  by  12  feet  with  3-inch  openings,  and  8  by  12  feet  with  f-inch  openings. 
Pickers  were  employed  on  the  cars  in  loading.  The  screens  were  not  washed  or 
coked.  The  loading  track  had  a  capacity  for  12  empty  and  15  loaded  cars.  The  mine 
was  being  nm  at  its  capacity,  350  tons  per  day.  About  50  per  cent  of  the  coal  came 
from  advance  workings  and  50  per  cent  from  pillars.  There  was  about  400  acres  of 
coal  to  be  taken  out  from  the  three  openings. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  1023-1024. 
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•  NoC  Ixidad^  la  sunple. 

JWiiz/fi  A  (mm\Ati  \AVA}  was  TW>amirpd  at  the  fare  cif  the  main  entry,  5,400  feel 
TtffrtheattL  <A  nunixh  of  No,  2  mine. 

Ht^'tMm  B  ffomfile  14192)  wan  meamjred  at  the  fare  of  room  19,  off  left  heading  9, 
&,7fJ0  fe<ft  wjftliesu«t  of  nvnjth  of  No.  2  mine. 

He^ii/m  r  ^«am|»le  141?^;  wa«  meamired  on  the  rib  of  room  14,  off  left  heading  6, 
4,rjOf)  feet  mirtlu'aia  of  mouth  of  No.  2  mine. 

HtH't'um  I>  (^Mumple  14194;  wan  meajnired  on  the  nb  of  room  13,  off  left  beading  4, 
3,(irj0  ff^a  nr/rtlieaM.  of  mouth  of  No.  2  mine. 

H4H't'ufn  E  (fomple  14195;  wait  meamired  on  the  barrier  pillar  between  the  second 
U'ft  air  founie  and  »wYind  left  pillar,  l,50f)  feet  northwest  of  mouth  of  No.  3  mine. 

H«v*tion  F  f«ample  14206)  wa«  meamired  at  the  fare,  1,950  feet  northeast  of  mouth  of 
No.  3  mine. 

Hectitm  O  (nmple  14207)  wai«  measured  on  the  pillar  of  main  entry,  900  feet  north- 
ea«ft  of  mouth  of  No.  1  mine. 

A  compofdte  nample  wan  made  by  mixing  samplefl  14191,  14192,  14193,  14194,  14195, 
14206,  and  14207.  The  remiltn  of  an  ultimate  analynn  of  thia  sample  are  ahown  under 
laboratory  No.  14196. 

NoU$. — The  roinefi  are  opened  by  drifts  and  the  coal  is  mined  by  the  room-and- 
pillar  syittem.  At  the  time  the  mine  was  viidted  electric  coal  cutters  were  used  for 
undercutting  the  coal;  FFF  black  powder  was  used  for  breaking  down  the  coal  and  a 
permissible  explosive  for  brushing  the  roof.  About  20  per  cent  of  the  coal  was  shipped 
as  run-of-mine  and  25  })er  cent  as  slack.  The  screening  plant  had  one  shaking  screen 
with  5-inch  openings  and  one  bar  screen  with  3-inch  openings.    The  smaller  coal 
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was  run  over  a  bar  screeir  with  openings  of  1  inch  to  1^  inches.  Pickers  were  emj^yed 
on  the  cars  in  loading.  The  washery  had  a  daily  capacity  of  1,200  tons.  The  screen- 
ings were  coked.  The  coking  plant  had  a  capacity  of  125  tons  per  day.  There  were 
two  loading  tracks  with  a  capacity  for  50  empty  cars  and  20  loaded  cars.  The  st<niige 
bins  had  a  capacity  for  150  tons.  The  coal  when  loaded  on  the  cars  had  a  good 
appearance  and  the  lumps  were  large.  There  was  approximately  400  acres  of  unmined 
coal  tributary  to  these  openings.  About  40  per  cent  of  the  coal  mined  was  from  the 
advance  workings.     Daily  output,  1,000  tons. 

Matoaka.    Pawama  No.  1  and  No.  2  Mines. 

Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  14231,  14232, 
14233,  14234,  14235,  14236,  and  14237  (p.  123). 

Mine. — ^Pawama  No.  1  and  No.  2;  Norfolk  &  Western  district;  drift  mines  at  Matoaka, 
on  the  Norfolk  &  Western  Railway  and  near  the  Virginia  Railway. 

Coal  bed. — Pocahontas  No.  3.  Carboniferous  age,  Pottsville  formation.  Average 
thickness,  4  feet  4  inches;  dip,  1)^  northwest.  There  are  no  faults,  rolls,  or  horsebacks. 
There  is  a  characteristic  bone  parting  about  3  inches  thick  near  the  middle  of  the 
bed.  The  roof  consists  of  12  inches  of  *  *  draw  slate,  *  *  which  was  shot  down  after  loading 
out  the  coal.  Floor,  soft  smooth  underclay.  Cover  at  points  of  sampling,  150  to  175 
feet. 

The  coal  bed  was  measured  and  sampled  at  five  points  in  the  mines  by  J.  J.  Rut- 
ledge  and  D.  J.  Price  on  July  1,  1912,  as  described  below: 

Sections  of  coal  bed  in  Pawama  No.  1  and  No.  2  mines. 


Sectjon 

Laboratory  No 

Roof,  gray  shale. 

Coal ^ 

<< Sulphur"  and  bone 

Coal 

Bone 

Coal 

Flow,  underclay. 

Tniclaiess  of  bed 

Thickness  of  coal  sampled . 


No.  2  mine 

• 

No.  1 

A 

B 

C 

D 

14231 

14232 

14233 

14235 

Ft.  in. 

Ft.  in. 

Ft.  in. 

Ft.  in. 

1    0 

1    0 

0    10 

0  m 

aO      i 

oO 

aO      1 

oO     3 

0    7 

0    8 

0      7 

0     9 

aO    2i 

aO    2 

aO      4h 

aO      4 

2    7 

2    4$ 

2      7 

2      5 

4    4i 

4    3i 

4      5} 

1  ^1 

4    2 

4    1 

4      0 

E 

14236 

Ft.  in. 

1     0 
aO      2 

0     9i 


oO 

2 


3 
2 


4      5 
3    11} 


a  Not  included  in  sample. 

Section  A  (sample  14231)  was  measured  at  the  face  of  the  Roanoke  heading,  2,060 
feet  southwest  of  the  drift  mouth  of  No.  2  mine. 

Section  6  (sample  14232)  was  measured  at  the  face  of  the  main  entry,  2,600  feet 
southwest  of  the  drift  mouth  of  No.  2  mine. 

Section  C  (sample  14233)  was  measured  at  the  face  of  room  20,  off  Norfolk  entry, 
2,300  feet  southwest  of  the  drift  mouth  of  No.  2  mine. 

A  composite  sample  was  made  by  combining  and  mixing  samples  14231,  14232, 
and  14233.  The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  labora- 
tory No.  14234. 

Section  D  (sample  14235)  was  measured  on  pillar  of  room  14,  off  Walker  heading, 
1,000  feet  north  of  the  drift  mouth  of  No.  1  mine. 

Section  E  (sample  14236)  was  measured  on  pillar  on  Godfrey  heading,  1,520  feet 
southwest  of  the  drift  mouth  of  No.  1  mine. 

A  composite  sample  was  made  by  mixing  pillar  samples  14235  and  14236.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14237. 

Notes. — ^The  Pawama  mines  are  opened  by  a  drift  about  2,600  feet  above  sea  level 
and  are  worked  by  the  room-and-pillar  system.  At  the  time  of  sampling  the  coal  was 
undercut  by  hand  and  broken  down  with  FFF  black  blasting  powder.    About  80 
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per  cent  of  the  coal  was  shipped  as  run-of-mine.  The  reiAainder  was  passed  over 
bar  screens  12  feet  long  with  4-inch  openings.  Pickers  and  tnmmers  were  employed 
on  the  cars.  There  were  two  loading  tracks  with  a  capacity  of  18  empty  cars  and  14 
loaded  cars.    Daily  output,  450  tons,  with  a  maximum  day's  run  of  700  tons. 

Mora.    Crane  Creek  No.  1  and  No.  2  Mines. 

Sample. — Semlbituminous  coal;  Pocahontas  field;  analyses  Nos.  W32517,  W32518, 
W32519,  W32520,  W32600,  W32601,  W32B02,  and  W32603  (pp.  124,125). 

Mine. — Crane  Creek  No.  1  and  No.  2,  Norfolk  &  IVestem  district,  slope  mines,  i 
mile  west  of  Mora  on  the  Pocahontas  division  of  the  Norfolk  &  Western  Railway. 

Coal  bed. — Known  as  Pocahontas  No.  3.  Carboniferous  (Pottsville)  age,  Pocahontas 
formation.  Thickness,  4  feet  to  6  feet  6  inches.  Roof,  sandstone  and  shale;  floor, 
shale.  A  ^'rash"  1  to  4  inches  thick  overlies  the  coal;  this  is  removed  from  all  run- 
of-mine  coal  at  the  tipple  by  passing  the  coal  over  3-inch  screens.  The  coal  from 
this  bed  is  of  very  good  quality,  and  can  easily  be  cleaned  from  partings. 

The  coal  bed  was  measured  and  sampled  at  eight  points  in  the  mine  on  July  19  and 
20, 1912,  by  P.  M.  Riefkin,  as  described  below: 

Sections  of  coal  bed  in  Crane  Creek  No.  1  mine. 


Sectioii 

LsboratorvNo 

Roof,  sandstone  and  shale. 

Coal,  hard,  gray 

Ck>al 

Bony  coal  to  "sulphur".. 

Coal 

Coal,  hard,  gray 

Mother  coal 

Coal 

Shale 

Mother  coal 

Coal 

Bony  coal  to  shale 

Coal 

Floor,  shale. 

Thickness  of  hed 

Thickness  of  coal  sampled 


A        I        B 
W32617  '  W32618 
Ft.    in.     Ft.    in. 


0 

>0 

0 

0 

2 

'6 

o'o 
0 


6 

2i  I 

2    I 


0  9 

aO  2 

0  7 

0  3) 


2 


5 

2* 


l\ 


4    11 
4      6i 


0    3} 


4    9 
4    4J 


C 

W32519 

Ft.    in. 

0     4 

0     71 

0    llj 

•  •  •  • 

0        \ 

0      8 

■Jul 

aO      4 

0      8 

«      7f 
5      3 


D 
W325a0 
Ft.    in. 

•  •         •  • 

0    10 

't    si 


I 


4 
4 


5 
3i 


a  Not  included  in  sample. 

Section  A  (sample  W32517)  was  measured  at  the  face  of  the  main  heading. 

Section  6  (sample  W32518)  was  measured  at  the  face  of  eighteenth  cross  air  couree. 

Section  C  (sample  W32519)  was  measured  on  the  pillar  beyond  the  second  cut- 
through  in  room  11  off  cross  entry  16. 

Section  D  (sample  W32520)  was  measured  on  the  pillar  beyond  the  second  rut- 
through  in  room  21  off  cross  entry  6,  off  the  main  heading. 

Sections  of  coal  bed  in  Crane  Creek  No.  2  mine. 


Section 

laboratory  No 

Roof,  sandstone  and  shale. 

Muck 

Coal 

Mother  coal  (hard) 

Coal 

Coal,  bony 

Coal 

Coal,  hard,  gray 

Coal 

Mother  coal,  hard,  to  shale. 

Coal 

Mother  coal,  hard,  bony... . 

Coal. 


Floor,  fire  clay  and  shale. 
Tntoknessofbed. 


Thickneea  of  coal  sampled. 


A 

W32800  ! 

Ft. 

in. 

oO 

2 

0 
0 

1 

0 

5 

aO 

>  • 

1 

•  • 

•  • 

3 

•  ■ 

6 

aO 

1 

m   • 

o'o 

4 

1        5 

4 
1 

4 

B 
M'32601 
Ft.    in. 

C 
W32e02 
Ft.    in. 

0  ioi 

b  H 

•  ■         *  « 

oO      3 
2      0 

aO    1} 
0    6} 

0 

1 

«0 


0      5i 

5      3 
4    10 


0  3 

2  7i 
Streak. 

0  1 

aO  2 

0  H 

5  ! 

4  9 


D 

W328QB 
Ft.    in. 

•  0    2 
0 
0 
0 

•  0 
0 
0 
I 
0 


8 

;i 

7 
2 

H 
I 


0  24 

0  8| 

4  H 

4  1 


a  Not  included  hi  sample. 
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Section  A  (sample  W32600)  was  measured  in  a  pocket  above  the  second  cut- 
through  in  room  4,  off  cross  entry  3. 

Section  B  (sample  W32601)  was  measured  at  the  face  of  room  14,  off  All^heny  entry. 

Section  C  (sample  W32602)  was  measured  on  a  chain  pillar  between  rooms  21  and  22, 
off  Blue  Ridge  entry. 

Section  D  (sample  W32603)  was  measured  at  the  face  of  room  13,  off  Bryant  entry. 

Notes. — ^The  Crane  Creek  No.  1  and  No.  2  mines  dumped  coal  over  the  same  tipple. 
At  the  time  of  sampling  the  coal  in  these  mines  was  undercut  by  hand  with  picks  in  the 
bottom  part  of  the  seam,  and  shot  down  with  black  powder.  The  tipple  was  con- 
structed of  wood  and  steel,  and  equipped  with  a  3-inch  bar  screen,  a  2-inch,  l^inch, 
1-inch  and  |-inch  revolving  screen,  and  a  picking  table.  The  inspection  and  prepa- 
ration of  this  coal  was  exceptionally  good;  all  coal  passing  over  the  4-inch  screen  was 
shipped  as  run-of-mine  coal,  and  passed  over  a  picking  table  before  going  into  the  rail- 
road cars.  The  commercial  sizes  as  shipped,  besides  run-of-mine,  were  egg  and  stoker 
coal.  All  of  the  coal  which  passed  through  the  {-inch  mesh  of  the  revolving  screen  was 
washed .    The  washed  coal  was  not  shipped,  but  was  coked . 

The  average  output  of  the  two  mines  was  1,000  tons  per  day,  with  a  daily  capacity 
of  1,750  tons.    The  unmined  area  was  about  3,800  acres. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine,  see  Bull.  22, 
Bureau  of  Mines,  1913,  pp.  1026-1027. 

Mora.    Pinnacle  Mine. 

Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  W32604,  W32605, 
W32606,  W32607,  W32608,  and  W32609  (p.  125). 

Mine. — Pinnacle;  Norfolk  &  Western  district;  a  slope  mine;  1  mile  north  of  Mora 
on  the  Pocahontas  division  of  the  Norfolk  &  Western  Railway. 

Coal  bed. — Known  as  Pocahontas  No.  3.  Carboniferous  (Pottsville)  age,  Pocahonta, 
formation.  The  coal  in  this  mine  is  4  to  5  feet  6  inches  thick.  Roof  and  floor  goods 
a  *  'rash ''  1  to  4  inches  thick  overlies  the  coal;  this  is  eliminated  from  run-of-mine  coal 
at  the  tipple  by  bar  screens.  The  coal  from  this  bed  is  of  a  good  quality  and  can  easily 
be  cleaned. 

The  coal  bed  was  measured  and  sampled  at  six  points  in  the  mine  by  P.  M.  Riefkin 
on  July  21,  1912,  as  described  below: 

Sections  of  coal  bed  in  Pinnacle  mine. 


Sectkm 

laboratory  No 

Roof,  shale  and  sandstone. 

Muck  and  "draw  slate''. . 

Cknl,gray 

Coal 

Mother  coal 

"Sulphur" 

Coal,  bony 

Coal. 

Mother  coal,  hard,  bony. . . 

Coal 

Coal,  bony 

Coal 

Moiherooal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled. 


A 

W3a604 

Ft.    in. 

oO     1 


2i 


oO      3 
1      6i 


0 
1 


4 


3    111 


B 

W32605 

Ft.    in. 

aO     1) 


0    11 
0 


0 
0 
0 
oO 
2 
0 


1 

2 
3 

h 


4      H 
4      0 


C 
W32606 
Ft.    in. 
aO     2i 

i      0 


oO      3 
3     3 


4      8i 
4      3 


D 

W32807 

Ft.    in. 

oO     3 

"6  io 

0       i 


0      5i 


oO      2| 
3      0 


4      91 
4      4 


E 

W32606 

Ft.    in. 

oO     li 

0     6i 

0     5 

io    "i 

•  •  «  • 

0  ^ 


aO      2 
2    U 


4      H 
4      4 


F 
W32609 
Ft.    in. 
oO     1 


0    11 
0 
«0 


4 


0     2 


oO     24 
3      4{ 


4    11 
4      6 


•  Not  included  in  sample. 

Section  A  (sample  W32604)  was  measured  at  the  face  of  cross  entry  2,  north  mine. 
Section  6  (sample  W32605)  was  measured  at  the  face  of  the  north  main  heading. 
Section  C  (sample  W32606)  was  measured  at  face  of  a  pocket  in  the  first  pillar  of  room 
25,  cross  entry  2,  off  main  heading. 
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SectaoiiD(mnpleW32(K)7)wafliiieaflar8dat  the&bce  of  cttt-throu^off  Cobaentry, 
off  the  second  nuun  heading. 

Section  E  (ami^  W32606)  WM  measured  at  the  iace  ol  main  heftding  2. 

Section  F  (nmple  W2260Q)  waa  meaaored  on  a  pillar  el  roooi  1^  off  cumb  entry  4,  off 
the  first  main  heading. 

NoUi. — ^At  the  time  of  aarni^ing  the  coal  in  thia  mine  waa  undercut  in  the  bottom 
part  ol  the  eeam  by  hand  with  picks,  and  shot  down  with  black  powdar.  The  tipple 
was  constructed  of  wood  and  equipped  with  a  S4ndi  bar  screen  and  a  24Bchy  lf4nch, 
1-inch,  and  {-inch  rev<4ving  screen,  washer,  and  picking  taUe.  The  inspection 
and  preparation  of  the  coal  for  the  market  was  exceptionally  good.  The  coal  waa 
picked  on  a  picking  table  and  on  the  cars  after  passing  over  the  4-iBdi  bar  Bcre^i.  The 
coal  that  passed  throu^  the  4-inch  screen  fell  into  the  revolving  screen,  and  the 
screened  coal  was  shipped  as  egg  and  stoker  coal.  All  the  coal  that  passed  Uirough  the 
|-inch  mesh  revolving  screen  was  washed .  Very  little  of  the  washed  coal  was  shipped, 
practically  all  of  it  being  coked.  Average  daily  output,  1,000  tons,  with  a  capacity  of 
1,600  tons  per  day.    The  unmined  area  was  about  1,700  acres. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bulletin 
22,  Bureau  of  Mines,  1913,  pages  1027-1028. 

Mora.    Sagajiore  No.  1  and  No.  2  Minrs. 

Sample. — Senpbituminous  coal;  Pocahontas  field;  analyses  Nos.  14250, 14251, 14252, 
14253,  14254,  14255,  14256,  and  14257  (p.  125). 

Mine. — Sagamore  No.  1  and  No.  2;  Norfdkand  Western  district;  drift  mines  1  mile 
west  and  1  mile  east  of  Mora,  respectively,  both  on  the  Crane  Creek  branch  of  the 
Norfolk  A  Western  Railway. 

Coal  bed. — Pocahontas  No.  3.  Carboniferous  (Pottsville)  age,  Pocahontas  formation. 
Average  thickness  of  bed  in  No.  1  mine  about  5  feet,  in  No.  2  mine  about  4  feet  6 
inches.  Roof,  smooth,  dark,  soft,  sandy  shale,  10  to  24  inches  thick.  Floor,  light- 
gray  shale,  smooth,  and  foirly  hard.  Occasionally  a  small  amount  of  the  roof  material 
becomes  mixed  with  the  coal,  but  none  of  the  floor  is  broken  loose  diuring  mining  opera- 
tions.   Cover  at  points  of  sampling,  250  to  400  feet. 

The  coal  bed  was  measured  and  sampled  at  three  points  in  No.  1  mine  and  at  four 
points  in  No.  2  mine  by  H.  I.  Smith  and  G.  H.  Deike,  July  2, 1912,  as  described  below: 

Sections  of  coal  bed  in  Sagamore  No.  1  mine. 


Bectkm 

Labontofv  No 

Roof|  nnay  ahale. 

Co8l,'i>ooy' 

Coal 

CoBl,gniy 

coBi.rr... 

Coal ,  gmy  • 

Coftl.r... 

MoUMTooal 

Coal 

"Rash" 

Coal  (streaked) 

Floor,  shale. 

Thickness  oC  bed 

ThJoknen  of  coal  sampled . . . 


A 

B 

14360 

14951 

Ft.    la. 

FL    H. 

0     9 

0     9 

aO      4 

•  0     3| 

•  •         •  • 

0     9 

*  •         •  • 

0     1} 

•  •         •  • 

0     6 

«  •         •  • 

0      i 

3     2 

•  •         •  * 

2     1 

«6  *i 

•  •         •  • 

«0     6 

..   .. 

0      6 

5     0 

6     Si 

3    11 

4     9 

c 

14259 

Ft.    <K. 


0 

•  0 

0 

0 


3 
0 
0 
«0 
0 


10 
6 
9 
11 


ft 
ft 

8 


6    11 
4    11 


«  Not  Incladed  in  sample. 


Section  A  (sample  14250)  was  measured  at  the  foce  of  the  main  straight  entry  H,  2,250 
feet  northwest  of  the  mine  mouth. 

Section  B  (Ample  14251)  was  measured  at  the  buce  of  G-1  heading,  2,250  feet  west  of 
^he  mine  mouth. 
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Section  0  (sample  14252)  was  measured  at  the  face  of  room  11  off  G-2  heading,  1,900 
feet  southwest  of  the  mine  mouth. 

Sections  of  coal  bed  in  Sagamore  No.  t  mine. 


Section 

Laboratcnry  No 

RooC,  sandy  shale. 

COBl 

Coal.CTay 

•«8uil]5^ur"band 

Coal : 

"8ulphur"band 

Bone 

Coal 

CoaKgray 

Coal 

Mother  coal 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


A 

14253 

Ft.    <n. 

0      4 

0     2 


%  1 

aO      4 


2  3 

0  4 

4  6 

4  2 


B 
14254 
Ft.   in. 
1     0 


no 
0 
0 
2 


3 
I 


4     54 
*      11 


C 

14255 

Ft.   in. 

0     3 

0     2 


0 
oO 
oO 
0 
0 
2 


3 
4 


4      6 
4      2 


D 
14256 
Ft.    <n. 
0    lU 


0 
0 

»  • 

0 
0 
0 

1 

0 
0 


"4 

3 
0 

4 


4      6 
4     6 


a  Not  included  in  sample. 

Section  A  (sample  14253)  was  measured  at  the  face  of  H-8  entry,  2,550  feet  southeast 
of  the  mine  mouth. 

Section  B  (sample  14254)  was  measured  at  the  face  of  G^  entry,  2,300  feet  south- 
west of  the  mine  mouth. 

Section  C  (sample  14255)  waa  measured  at  the  face  of  G--8  entry,  2,550  feet  south  of 
the  mine  mouth. 

Section  D  (sample  14256)  was  measured  at  the  face  of  the  straight  H  air  course, 
2,350  feet  southeast  of  the  mine  mouth. 

A  composite  sample  was  made  by  mixing  face  samples  14250  to  14256,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14257 . 

Notes. — ^The  Sagamore  mines  are  opened  by  drift  entries  and  the  coal  is  mined  by 
the  room-and-pillar  system .  At  the  time  of  sampling  the  coal  was  undercut  by  electric 
chain  machines  and  by  hand .  FFF  black  powder  was  used  for  breaking  down  the  coal 
and  a  pemussible  explosive  for  brushing  the  roof.  About  30  per  cent  of  the  coal  was 
shipped  as  run-of-mine.  The  screening  plant  was  equipped  with  shaking  screens 
5  by  12  feet  with  openings  4  by  6  inches.  About  75  per  cent  of  the  coal  passed  through 
this  screen.  The  smaller  sizes  of  coal  were  run  over  shaking  screens  5  by  20  feet, 
with  holes  3  inches,  IJ  inches,  and  1  inch  in  diameter.  There  were  two  belt  conveyors 
at  which  a  number  of  pickers  were  employed.  The  screenings  were  washed,  yielding 
coal  of  a  maximum  size  of  1)  inches  and  producing  nut  and  slack  coal.  The  waahery 
had  a  capacity  of  600  tons  per  day.  There  were  3  loading  tracks  with  a  capacity 
of  40  empty  and  50  loaded  cars  and  storage  bins  for  200  tons.  The  tipple  and  washery 
equipment  was  very  complete  and  the  preparation  for  market  was  thorough.  The 
coal  being  loaded  was  chiefly  in  large  lumps  which  had  a  good  appearance.  Daily 
output  of  the  two  mines,  800  tons.  There  was  about  3,000  acres  of  unmined  coal, 
a  large  part  of  which  was  tributary  to  the  two  mines.  About  30  per  cent  of  the  output 
was  from  advance  workings  and  the  remainder  from  pillars. 

Wbyanokb.    Weyanokb  No.  1  and  No.  2  Mines. 

Sample. — Semibituminous  coal;  Pocahontas  field;  analyses  Nos.  14224,  14225, 
14226, 14227, 14228, 14229,  and  14230  (p.  126). 

Mine. — ^Weyanoke  No.  1  and  No.  2,  Norfolk  &  Western  district;  drift  mines  about 
one-fourth  mile  north  of  Weyanoke  station  on  the  Wenonah  branch  of  the  Norfolk  & 
Western  Kailway. 

47664°— Bull.  85—14 25 
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Coal  bed. — ^Pocahontafl  No.  3.  CarfooniferouB  (Pottsville)  age,  PociliofitBfl  frrmitinit. 
Average  thicknesB,  4  feet.  There  are  no  faults  or  horsebacks,  but  there  are  occaskxnal 
rolls  and  local  dips.  The  cleat  is  well  marked.  The  roof  conasts  of  about  8  indies 
of  "draw  slate,"  which  is  taken  down  after  loading  oat  the  coaL  Abore  the  "draw 
date  "  is  a  main  cap  rock.  Particles  of  the  roof  sometimes  got  mixed  with  the  coaL 
The  floor  consists  of  8  to  10  inches  of  dark  shale,  under  which  is  4  indies  of  coal;  under 
the  coal  is  sandstone.    Cover,  300  to  400  feet. 

The  coal  bed  was  measured  and  sampled  at  4  points  in  No.  1  mine  and  at  2  paints  in 
No.  2  mine  by  H.  I.  Smith  and  G.  H.  Deike  on  July  1,  1912.  as  deecribed  bdow: 

Sections  of  coal  bed  in  Weyanoke  No.  1  and  No.  t  mines  at  Weyanote, 


8«ctlon. 

LabontorjNo 

Roof,  shale. 

Cazmel  (cube)  coal 

Coal 

Bone,  gray 

-      Coal 

Coal,  gray 

Coal 

Kotberooal 

Coal 

Floor,  dark  shale. 

Thirknessof  bed 

Thickoess  of  coal  sampled. 


A 

14234 
Ft.    in. 
oO       } 

1      0 


aO      2 


2    11 


4 
3 


,1* 


B 
14235 

Ft.    In. 

oO     1 
0    10 

aO      1| 
0      4 
0      4 


2  4 

4        i 

3  10 


C 

14236 
Ft.    fa. 
aO      \ 
1    0 
aO    2i 


1    3 

4    6 
4    3 


D 

14227 
Ft.    in. 
•  0     1 


1 
0 
0 
0 
0 
0 
3 


0 
it 


4      0 
3    U 


E 
1 

Ft.    te. 
«0    1 

0 

0 

0 
•0 

1 

0 

1 


9 
3* 

4 

4 


4    0 


F 
14S0 
Ft.    te. 


«0 
1 

>0 
1 
0 


1 
0 

4 
9 


i 


1     ih 


4 
3 


4 
11 


a  Not  incladed  in  sample. 

Section  A  (sample  14224)  was  measured  at  the  feure  of  room  11,  off  left  entry  9,  off 
main  heading  of  No.  1  mine. 

Section  B  (sample  14225)  was  measured  at  the  6ice  of  the  main  air  course  of  No.  1 
mine. 

Section  C  (sample  14226)  was  measured  at  the  ti^ce  of  room  22,  off  eighth  left  does 
heading  of  No.  1  mine. 

Section  D  (sample  14227)  was  measured  at  the  feice  of  right  entry  3,  off  main  entry 
of  No.  2  mine. 

Section  E  (sample  14228)  was  measured  at  the  fetce  of  room  6,  off  left  entry  6  of 
No.  1  mine. 

Section  F  (sample  14230)  was  measured  on  pillar  of  last  crosscut  in  room  7,  off  second 
left  butt  entry  of  No.  2  mine. 

A  compofdte  sample  was  made  by  combining  and  mixing  samples  14224,  14225, 
14226,  14227,  and  14228.  The  results  of  an  ultimate  analysis  of  this  sample  are  given 
under  laboratfjry  No.  14229. 

Notes. — ^The  Weyanoke  mines  are  opened  by  drifts  and  the  coal  is  mined  by  the 
room-and-pillar  system.  At  the  time  of  sampling  the  coal  was  top  cut  by  electric 
chiun  machines  and  broken  out  with  FFF  black  blasting  powder;  pennisBible  explo- 
sives were  used  for  brushing  the  floor  and  roof.  The  machine  cuttings  were  loaded 
out  with  the  coal.  *  None  of  the  coal  was  shipped  as  nin-of-mine,  and  about  25  per 
cent  passed  through  bar  screens  16  feet  long  having  If-inch  openings.  Twelve  men 
were  employed  as  pickers  on  the  belt.  The  lumps  on  the  car  were  large  and  had  a 
good  appearance.  There  were  two  loading  tracks,  with  a  capacity  of  25  empty  cars 
and  30  loaded  cars.  Most  of  the  coal  was  shipped  for  domestic  purposes.  The 
daily  output  of  both  mines  was  600  tons,  with  a  maximum  day's  run  of  1,000  tons. 
Ten  per  cent  of  the  coal  came  from  advance  workings  and  the  remainder  from  pillars. 
About  1,000  acres  remained  to  be  mined  through  the  existing  openings. 
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BlCHARD.      ElKINS   No.   1  MiNE. 

iSompfe.— Bituminous  coal;  analyses  Nos.  W12204,  W19476,  W19476,  Wl»477, 
W19478,  and  W19479  (pp.  126,  127). 

Mine. — EDdns  No.  1;  Monongahela  district;  a  slope  mine  i  mile  northeast  of 
Kichard,  on  the  Moigantown  &  Kanawha  Bailroad,  with  connections  to  the  Baltimore 
&  Ohio  Bailroad  at  Howlesbuig. 

Coal  bed. — Upper  Freeport.  Carboniferous  age,  Allegheny  formation.  Average 
thickness,  4  feet.  Hoof,  low-grade  coal  about  3)  feet  thick,  overlain  by  sandstone; 
floor,  hard  clay  with  smooth  surface. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  G.  S.  Pope, 
April  22,  1911,  as  described  below: 

Sections  of  coal  bed  in  Elkins  No.  1  mine. 


Sectfon 

Laboratory  No 

Roof,  coal  and  sandstone. 

Coal 

Mother  coal 

Coal 

Shale 

Coal 

"Sulphur" 

Coal 

Mother  ooal 

Coal 

Coal  and  parting 

Floor,  hard  cuty. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 
W19475 

Ft.  in. 

0     8 

0 

2 
aO 

0 


1 
11 


I 


oO      1 

4       \ 

3    lOi 


B 
W19476 
Ft.  in. 
2     7 


0     3 


aO 
0 
0 
0 


3      71 

3      6 


C 
W19477 
Ft.  in. 
2     6^ 


0 

0 

oO 

1 


1 

4 


4      2i 
4      li 


D 
W19478 
Ft.  in, 
2     8 


1      1 


3    lU 
3      9 


E 
W19479 
Ft.  in, 
2     8^ 


aO     21 
0     6 


0       t 
0     7§ 


3    lof 


a  Not  included  in  sample. 

Section  A  (sample  W19475)  was  measured  at  the  face  of  the  fifth  right  "flat,"  4,200 
feet  northeast  of  ^e  drift  mouth. 

Section  B  (sample  W19476)  was  measured  at  the  face  of  butt  entry  8  off  fifth 
right  entry,  about  700  feet  from  the  main  entry. 

Section  C  (sample  W19477)  was  measured  at  the  face  of  first  right  heading,  4,200 
feet  from  the  drift  mouth. 

Section  D  (sample  W19478)  was  measured  at  the  face  of  butt  entry  11,  off  first 
right  entry,  750  feet  from  right  entry  1. 

Section  E  (sample  W19479)  was  cut  from  butt  entry  5,  off  fifth  right  **flat,"  1,400 
feet  from  fifth  "flat." 

A  composite  sample  was  made  by  mixing  samples  W19475,  W19476,  W19477, 
W19478,  and  W19479.  The  results  of  an  ultimate  analysis  of  this  sample  are  given 
under  laboratory  No.  W12204. 

Notes. — The  Elkins  No.  1  mine  is  opened  both  by  drift  entries  and  a  slope.    At  the 

time  of  sampling  the  coal  was  undercut  by  hand  and  machines  and  shot  down  with 

black  powder.    There  were  two  loading  tracks  with  a  capacity  for  20  cars.    Pickers 

were  employed  on  the  cars  in  loading.    The  mine  was  equipped  to  produce  700 

tons  per  day.    Average  daily  output  425  tons,  the  laiger  part  of  which  was  from 

advance  workings.    There  was  about  500  acres  of  coal  tributary  to  this  and  other 

openings. 

PRESTON  COUNTY. 

Masontown.    Elkins  No.  6  Mine. 

flfa?npZe.— Bituminous  coal;,  analyses  Nos.  W19493,  W19494,  W19540,  and  W19541 
(p.  127). 

Mine. — Elkins  No.  6;  Monongahela  district;  a  drift  mine  at  Masontown,  on  the 
MoTgantown  &  Kanawha  Bailroad  with  connections  to  the  Baltimore  &  Ohio  Bailroad 
at  Bowlesbuig. 
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AlV^ALYSBS  OF  COAL. 


CodL  frftf.r— ^pper  A'eepoit.    Gvboiiifsnjui  fl^c,  AlV-glicpy 
fbkknem^  4  leeL    Ttooi,  Aale,  bone,  md  dirty  cool,  oreriim  by 
■Doodi  bard  fire  day. 

The  bed  was  meaaored  and  tampled  at  four  points  in  the  mine  by  G.  8.  Fope, 
April  24, 1911,  aa  described  below: 

Sections  of  coal  bed  in  EOtins  No.  6 


MSTlVn "»,....,.,»....  ,..^,... ...... ........ 

\jBCtitmlutrf  No . 

Roof,  JibaK,  bfloe^  dkty  eoal  and  Modstooe. 
CottI 


Coftl 

MoCtMrooal. 

CoaJ 

8hate 

C>»l 


0)al. 


Sbftle 

Co«l 

Floor,  hard,  mdooUi  fife  cfaij.  ■ 

TnklciMM  of  bed '     4 

TbickoeH  of  coal  sampled !     2 


2    8 


•0 

0 
0 

0   • 
0 

• 


4 
4 


5 

1 


•  Not  ineliided  in  Hmple. 

Section  A  (sample  W19493)  was  measured  at  the  face  of  the  first  butt  beading,  600 
feet  from  the  third  "flat/'  150  feet  from  the  main  entry. 

Section  B  (sample  W19494)  was  measured  at  the  face  of  the  third  ri^t  entry,  50 
feet  from  the  main  entry. 

Section  C  (sample  W19540)  was  measured  at  the  face  of  the  second  butt  heading, 
1^000  feet  from  the  main  entry. 

Section  D  (sample  W19541)  was  measured  at  the  face  of  the  second  butt  entry,  700 
feet  from  the  second  "flat/'  300  feet  from  the  main  entry. 

A  composite  sample  was  made  by  mixing  samples  W19493,  W19494,  W19540,  and 
WI9541 .  The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory 
No.  12225. 

Not€$, — The  Elldns  No.  6  mine  is  opened  by  a  drift  entry.  The  mine  is  compaia- 
ti  vely  new,  and  only  a  few  side  entries  have  been  started.  At  the  time  of  sampling  the 
(xxil  was  undercut  by  hand  and  broken  down  with  black  powder.  There  was  one  load- 
ing track  at  the  tipple  with  a  capacity  of  15  cars.  There  were  no  screens,  the  entire 
production  being  shipped  as  run-of-mine.  Pickera  were  employed  on  the  can  in 
loading.  All  of  the  coal  was  used  for  coking  purposes.  There  was  1,200  acres  of 
unmined  area  tributary  to  this  opening. 

BALBiaH  COUNTY. 

HoTcoAL.    Bio  Stick  Mine. 

Sample. — Semibituminous  coal;  New  River  field;  analyses  Nos.  14375, 14376, 14377, 
and  14378  (p.  127). 

Mine.— Big  Stick;  Kanawha-New  River  district;  a  drift  mine  at  Hotcoal,  with 
railroad  connections  to  the  Viiginian  Railway. 

Coal  bed. — Hockley.  Carboniferous  age,  Pottsville  formation.  Average  thickness, 
5  feet  6  inches;  dip,  2}°  northeast.  The  roof  consists  of  3  inchesof  "draw  slate,''  above 
which  is  2  feet  of  dark  carbonaceous  shale  mixed  with  coal,  above  which  is  sandstone 
cap  rock .  Floor,  hard ,  smooth  shale.  Material  from  the  roof  and  floor  does  not  become 
mixed  with  the  coal  in  mining.    Cover,  150  to  250  feet. 

The  coal  bed  was  measured  and  sampled  at  3  points  in  the  mine  by  J.  J.  Rutledge, 
July  8,  1012,  as  described  below: 


WEST  vibginia:  baleioh  county. 
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Sections  of  coal  bed  in  Big  Stick  mine. 


SectiQii 

Laboratory  No 

Roof,  ''draw-slate,  *'  shale 

Coal 

Shale,  black 

Coal,  dirty 

Coal 

Mother  coal 

Coal 

Cannelcoal 

Coal,  bony 

Coal...... 

Floor,  fire  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

C 

14375 

14376 

14377 

Ft.    in. 

Ft. 

in. 

Ft.    in. 

aO    1 

•  • 

. . 

00  i 

aO  1 

•  • 

• . 

oO  1 

aO     ) 

•  • 

aO  ) 

3  3 

2 

6 

3  4 

•  *    «  • 

0 

\ 

•  •    •  • 

•  •    •  • 

0 

10 

•  •    •  • 

0  i 

•  • 

0 

1 

•  • 

,0* 

0  3 

•  •    •  • 

2  0 

m  9          •  • 

2  6 

5  6 

• 

31 

6  3i 

5  3i 

5 

3t 

6  1 

a  Not  included  in  sample. 

Section  A  (sample  14375)  was  measured  at  the  face  of  left  heading  2, 1,600  feet  east 
of  the  mouth  of  the  strai^t  main  entry. 

Section  B  (sample  14376)  was  measured  at  the  face  of  left  entry  3,  off  the  straight 
main  entry,  1,400  feet  northeast  of  the  mine  mouth. 

Section  C  (sample  14377)  was  measured  at  the  face  of  the  straight  main  entry,  1,900 
feet  northeast  of  the  mine  mouth. 

A  composite  sample  was  made  by  mixing  face  samples  14375, 14376,  and  14377.  The 
results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14378. 

Notes. — ^The  Big  Stick  mine  is  opened  by  two  entries  and  the  coal  mined  by  the 
room-and-pillar  sjrstem.  At  the  time  of  sampling  the  coal  was  undercut  by  hand  and 
shot  down  with  FF  black  blasting  powder.  A  permissible  explosive  was  also  used  in 
some  parts  of  the  mine.  All  of  the  coal  was  dipped  as  run-of-mine.  Pickers  were 
employed  on  the  car  in  loading.  There  was  no  screening  plant.  The  mine  was 
new  having  been  in  operation  only  about  1  year  at  the  time  of  sampling.  All  of  the 
coal  was  obtained  from  advance  workings.  Daily  output,  450  tons  per  day,  with  a 
maximum  capacity  of  500  tons. 

McQuADB.    Blub  Jay  No.  4  Mine. 

Sample. — Semibituminous  coal;  New  River  field;  analyses  Nos.  14288,  14289, 
14290,  and  14291  (p.  128). 

Mine. — Blue  Jay  No.  4;  Kanawha-New  River  district;  a  drift  mine  at  McQuade 
station  2  miles  southeast  of  Raleigh,  on  the  Piney  branch  of  the  Chesapeake  &  Ohio 
Railway. 

Coal  bed. — BecMey.  Carboniferous  age,  Pottsville  formation.  Average  thickness,  5 
feet;  slight  dip,  northwest.  Roof,  smooth  shale  1  to  2  feet  thick;  floor,  very  soft  fire 
clay;  material  from  the  roof  and  the  floor  does  not  become  mixed  with  the  coal  in 
mining.    Cover  at  paints  of  sampling  75  to  100  feet. 

The  coal  bed  was  measured  and  sampled  at  three  points  in  the  mine  by  D.  J.  Price, 
July  10,  1912,  as  described  below: 

Sections  of  coal  bed  in  Blue  Jay  No.  4  mine. 


Section 

Laboratory  No 

Roof,  shale. 

Coal 

Bone  and  shale 

Coal,  bony 

Coal 

Floor,  soft  fire  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled 


C 
14290 
Ft.  in. 

1      2 

•  •         •  • 

0     3 
3     0 


4 
4 


5 
6 


a  Not  included  in  sample. 
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Section  A  (sample  14288)  was  measured  on  a  pillar  of  the  main  heading  about  600 
feet  east  of  the  mine  mouth. 

Section  B  (sample  14289)  was  measured  at  the  face  of  the  second  right  heading, 
400  feet  south  of  the  mine  mouth. 

Section  G  (sample  14290)  was  measured  on  the  pillar  of  the  first  right  heading,  250 
feet  south  of  the  mine  mouth. 

A  composite  sample  was  made  by  mixing  samples  14288, 14289,  and  14290.  The 
result  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  14291. 

Notes. — The  Blue  Jay  No.  4  mine  is  opened  by  drift  entries  and  the  coal  mfned 
by  the  room-and-piUar  system.  At  the  time  of  sampling  the  coal  was  undercut  by 
hand.  As  the  mining  operations  were  confined  entirely  to  pillars,  no  powder  was 
used  in  breaking  the  coal.  All  of  the  coal  was  shipped  as  run-of-mine.  Pickers  were 
employed  on  the  cars  in  loading.  Daily  output,  about  150  tons.  There  was  one 
loading  track  with  a  capacity  for  10  empty  and  7  loaded  cars. 

Raleigh.    Raleigh  No.  1  and  No.  3  Mines. 

Samples. — Semibituminous  coal;  New  River  field;  analyses  Nos.  10624,  10625, 
10626,  10627,  10628,  and  10630  (p.  128). 

Mine. — Raleigh  No.  1  and  No.  3;  Kanawha-New  River  district;  slope  mines  at 
Raleigh,  on  the  Chesapeake  &  Ohio  Railway. 

Coal  bed. — ^Beckley .  Carboniferous  (Pottsville)  age,  Quinnimont  formation.  Aver- 
age thickness,  52  inches;  dip  about  2°  N.  50°  W. ;  roof,  shale  2  feet  thick  with  a  sand- 
stone capping  90  feet  thick;  floor,  hard,  smooth,  gray  shale. 

The  bed  was  measured  and  sampled  at  five  points  in  the  mines  by  J.  J.  Rutledge  on 
June  25,  1910,  as  described  below: 

Sections  of  coal  bed  in  Raleigh  No.  1  and  No.  S  mines. 


Section 

Laboratory  No 

Roof,  shale. 

Coal 

Coal,  soft 

Coal 

FloOT.  shale. 

Thiclmess  of  bed 

Thickness  of  coal  sampled 


A 

B 

C 

D 

10624 

10625 

10626 

10627 

Ft.  in. 

Ft.  in. 

Ft.  in. 

Ft.  in. 

.1   4 

1   4 

1   0 

•  •          m  • 

3  lo| 

2  4 

I  il 

•  •    •  • 

3   7i 

I  n 

4   2 
4   2 

t  11 

3  7| 
3   7l 

B 
10S30 
Ft.  M. 

1     S 


3    ll 

5 
6 


4 
11 


Section  A  (sample  10624)  was  measured  on  the  left  rib  of  left  entry  7  opposite  the 
mouth  of  right  heading  1  in  No.  3  mine. 
Section  B  (sample  10625)  was  measured  at  the  face  of  right  entry  15  in  No.  3  mine. 
Section  0  (sample  10626)  was  measured  at  the  last  crosscut  in  the  main  entry  in 

No.  3  mine. 

Section  D  (sample  10627)  was  measured  at  the  face  of  room  11  off  right  heading  12 
in  No.  3  mine. 

Section  E  (sample  10630)  was  measured  at  the  neck  of  the  last  break-through  off 
right  entry  6  in  No.  1  mine. 

A  composite  sample  was  made  by  mixing  samples  10624  to  10627,  inclusive.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  imder  laboratory  No.  10628. 

Notes. — No.  1  and  No.  3  mines  are  connected  and  in  reality  form  but  a  single  mine, 
opened  by  two  drift  entries;  double  entry,  room-and-piUar  system  of  mining.  At  the 
time  of  sampling  black  powder  was  used  for  breaking  coal  after  undercutting  with 
electric  chain  cutters;  bar  screens;  capacity,  1,000  tons  a  day;  two  loading  tracks 
with  capacity  for  40  cars;  unmined  area  about  2,000  acres. 


WEST  vibginia:  baleigh  county. 
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Slab  Fork.    Slab  Fork  No.  1,  No.  2,  No.  3,  No.  4,  and  No.  5  Mines. 

Sample. — Semibituminous  coal;  New  River  field;  analyses  Nos.  14313  to  14318, 
and  14326  to  14337  (pp.  129, 130). 

Mines. — Slab  Fork  No.  1,  No.  2,  No.  3,  No.  4,  and  No.  5;  Kanawha-New  River  dis- 
trict; drift  mines;  Nos.  1,  2,  3,  and  4  are  about  three-fourths  of  a  mile  northeast  of  Slab 
Fork;  No.  5  is  one-fourth  of  a  mile  south  of  Slab  Fork,  on  the  Viiginian  Railway. 

Coal  bed. — ^Beckley.  Carboniferous  (Pottsville)  age,  Quinnimont  formation. 
Thickness,  3  feet  5  inches  to  4  feet  7  inches.  Dip  slightly  irregular,  but  the  main  direc- 
tion is  northwest.  Roof,  sandy  shale  containing  about  3  inches  of  roof  coal .  The  shale 
and  roof  coal  combined  vary  in  thickness  from  18  inches  to  3  feet,  above  which  there 
is  a  sandstone  cap  rock.  Floor,  hard  smooth  clay.  Material  hrom  the  roof  and  floor 
did  not  become  mixed  with  the  coal  in  mining.  Cover  at  points  of  sampling,  100 
to  400  feet. 

The  coal  bed  was  measured  and  sampled  at  15  points  in  the  five  mines  by  G.  H.  Deike 
and  H.  I.  Smith  July  10  and  11«  1912,  as  described  below: 

Sections  of  coal  bed  in  Slab  Fork  No.  1  and  No.  4  mines. 


Section. 

LaboratoTT  No 

Roof,  sanay  sbate. 

Coal 

Shale 

Mother  coal 

Coal 

"Soiphur" 

Coal,gray 

Coal 

Coal,gray 

Coal 

Coal,  bony 

Coal 

Floor,  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled 


No.  4 

14336 

Ft. 

in. 

0 

11 

6 
0 

4 

6 

2 

0 

2J 

0 

1 

1 

8 

aO 

•  • 

3 

m  m 

4 
3 

4 

No.l 
14337 
Ft.  in. 

aO       I 

2      7 

Streak. 


1     4 
aO     4 
0    11} 


4    1 


^ 


a  Not  included  in  sample. 

Section  A  (sample  14336)  was  measured  at  the  face  of  the  main  entry,  about  1,450 
feet  northwest  of  the  mine  mouth. 

Section  B  (sample  14337)  was  measured  on  the  pillar  of  room  7,  of!  second  right  entry, 
1,200  feet  northeast  of  the  mine  mouth. 

Sections  of  coal  bed  in  Slab  Fork  No.  2  mine. 


Sectioo 

Laboratorv  No 

Roof,  sandy  shale. 

Coal 

Shale 

Coal 

Coal,  gray 

Coal ^ 

Mother  ooal 

Coal 

Bone 

Floor,  day. 

Tnickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

C 

D 

14325 

14326 

14328 

14329 

Ft.  in. 

Ft.   in. 

Ft.  in. 

Ft.  in. 

aO      3 

oO     3 

aO      3 

aO      2 

oO      1| 

aO      3 

aO      3 

aO      1 

0      5 

0      2 

0      2 

0      1 

0      2 

0      4 

0      4 

0      4 

3      5 

3      6 

I  1 

2      2 

0      1 

•  •         •  • 

0 

0     9 

•  •         •  • 

I    10 

1      4 

aO      4 

*  •         •  • 

..     .. 

aO      1 

5      6i 

4      6 

4      2 

t  1 

4    10 

4      0 

3      8 

-  E 
14330 
Ft.  in. 
aO 
aO 

0 

0 

3 


2 

4 
6 


4      6 
4      0 


a  Not  indnded  in  sample. 


Section  A  (sample  14325)  was  measured  on  the  pillar  of  third  left  entry,  between 
rooms  7  and  8,  1,800  feet  southwest  of  the  mine  mouth. 

Section  B  (sample  14326)  was  measured  on  the  pillar  between  rooms  8  and  10,  off 
seventh  left  entry,  3,000  feet  southwest  of  the  mine  mouth. 
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ANALYSES  OF  COAL. 


A  composite  sample  was  made  by  mixing  pillar  samples  14325  and  14326.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  14327. 

Section  C  (sample  14328)  was  measured  on  the  face  of  the  first  panel  off  the  second 
drift,  4,200  feet  south  of  the  mine  mouth. 

Section  D  (sample  14329)  was  measured  at  the  face  of  first  right  entry,  off  third  left 
entry,  1,200  feet  southeast  of  the  mine  mouth. 

Section  E  (sample  14330)  was  measured  at  the  face  of  fourteenth  left  entry,  150  feet 
from  the  straight  main  entry,  5,000  feet  southwest  of  the  mine  mouth. 

A  composite  sample  was  made  by  mixing  face  samples  14328, 14329,  and  14330.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  14331 

Sections  of  coal  bed  in  Slab  Fork  No.  S  mine. 


Bectian 

LaboratorvNo 

Roof,  sandy  shale. 

doal.... 

Shale 

CkMtl,  impure 

Coal 

CkMlyhard 

CJoal.soft 

liotnercoal 

Coal,  bony 

Coal 

Mother  ooal 

Coal 

Mother  ooal 

Shale,  bony 

Coal 

Coal,  bony 

Floor,  clay. 

Thickness  of  bed 

Thickness  of  ooal  sampled . 


C 
14334 
Ft.kL 

0     1| 
oO      1 

•  •         •  • 

S  2' 


2     9 

•  •    •• 
ao     t 


4      5 
4      1 


a  Not  included  in  sample. 

Section  A  (sample  14332)  was  measured  at  the  face  of  the  main  air  course,  2,450  feet 
southeast  of  the  mine  mouth. 

Section  B  (sample  14333)  waa  measured  at  the  face  of  A  entry,  2,350  feet  southeast 
of  the  mine  mouth. 

Section  G  (sample  14334)  was  measured  at  the  face  of  room  3,  off  the  first  right 
entry,  2,600  feet  southeast  of  the  mine  mouth. 

A  composite  sample  was  made  by  mixing  face  samples  14332,  14333,  and  14334. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14335. 

Sections  of  coal  bed  in  Slab  Fork  No.  5  mine. 


Section 

Laboratory  No 

Roof,  sandy  shale. 

Coal,  gray 

Coal 

Coal  with  "sulphur". 

Shale 

Coal 

Coal,  gray 

Shale 

Coal 

Coal,  gray 

Coal 


Floor,  hard  clay. 
Thickness  of  bed. 


Thickness  of  coal  sampled. 


A 

14313 
Ft.  in. 


aO   2 

•  •    •  • 

ao   3 
1   0 

•  •    •  • 

aO   2 


2  10 

4   5 

3  10 


B 
14314 
Ft.  in. 


0  10 

•  •  •  • 

0  7 

0  2 

1  11} 

3  7 

3  ^ 


C 
14315 
Ft.  in. 
0     4 
0  «i 

Streak. 
0  0 
0  2} 

•  •    •  • 

0   2| 

0  2 

1  8 

3   74 
3   7| 


D 
14316 
Ft.tn. 


«0 
ao 


I 


0  111 


2  9 

3  8! 


B 
14818 
Ft.im, 

•  •  ■• 

•  •  •• 


1  0 


•  •  •• 
0 


ft 


2  9 

I  9 


•  Not  included  in  sample. 

Section  A  (sample  14313)  was  measured  at  the  face  of  the  main  heading,  3,200  feet 
southwest  of  the  mine  mouth. 
Section  B  (sample  14314)  was  measured  at  the  face  of  room  15,  off  the  sixth  left 
itry,  2,000  feet  southwest  of  the  mine  mouth. 
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Section  G  (sample  14315)  was '  measured  at  the  last  cut-through,  off  the  third 
left  entry,  1,900  feet  southeast  of  the  mine  mouth. 

Section  D  (sample  14316)  was  measured  on  the  pillar  of  room  10,  off  the  second  left 
entry,  800  feet  south  of  the  mine  mouth. 

Section  £  (sample  14318)  was  measured  on  the  pillar  of  fourth  left  entry,  between 
rooms  13  and  14,  1,250  feet  south  of  the  mine  mouth. 

A  composite  sample  was  made  by  mixing  samples  14313  to  14316,  inclusive.  The 
results  of  ultimate  analysis  of  this  sample  are  shown  imder  laboratory  No.  14317. 

Notes. — ^All  of  these  mines  are  opened  by  drift  entries  and  the  coal  mined  by  the 
room-and-piUar  system.  At  the  time  of  sampling,  electric  chain  machines  were  used 
for  undercutting  the  coal  in  Nos.  2,  3,  and  4  mines.  Machines  were  not  used  in  the 
other  mines.  A  permissible  explosive  was  used  for  breaking  the  coal  and  for  brushing 
the  roof.  All  of  the  coal  was  shipped  as  run-of-mine.  Pickers  were  employed  on 
the  cars  in  loading.  No.  5  mine  was  equipped  with  2  loading  tracks  with  a  capac- 
ity for  15  empty  and  15  loaded  cars;  the  other  mines  have  2  loading  tracks  with  a 
capacity  for  40  empty  and  40  loaded  cars. 

The  capacity  of  the  mines  was  as  follows:  No.  1  mine,  30  tons  a  day;  No.  2  mine, 
350  tons  a  day;  No.  3  mine,  170  tons  a  day;  No.  4  mine,  60  tons  a  day,  and  No.  5 
mine,  425  tons,  or  a  total  capacity  of  1,035  tons  a  day.  About  35  per  cent  of  the 
coal  was  obtained  &om  advance  work.  There  was  approximately  1,800  acres  of 
unmined  coal  tributary  to  the  various  openings. 

Winding  Gulp.    Lynwin  Mine. 

Sample. — Semibituminous  coal;  New  River  field;  analyses  Nos.  14319,  14320, 
14321,  14322,  14323,  and  14324  (p.  130). 

Mine. — Lynwin;  Kanawha-New  River  district;  a  drift  mine,  one-fourth  of  a  mile 
south  of  Winding  Gulf  on  the  Winding  Gulf  branch  of  the  Virginian  Railway. 

Coal  bed. — ^Beckley.  Carboniferous  (Pottsville)  age,  Quinnimont  formation. 
Average  thickness  5  feet;  dip,  slight,  to  the  northwest.  Roof,  light  blue  shale  to  which 
the  coal  adheres  more  or  less;  floor,  hard  smooth  shale  that  does  not  become  mixed 
with  the  coal  in  mining.    Cover,  400  feet. 

The  coal  bed  was  measured  and  sampled  at  five  points  in  the  mine  by  D.  J.  Price  on 
July  11,  1912,  as  described  below: 

Sections  of  coal  bed  in  Lynwin  mine. 


SactJoD , 

A 

14319 
Ft.  in. 

3       0 
aO        4 

2       0 

5       4 
5       0 

B 
14320 

Ft.  <n. 
2       9 

aO       5 
1        7 

4        9 
4        4 

0 

14321 
Ft.  <n. 

2     10 
aO       5 

1      11 

5       2 
4       9 

D 
14322 

Ft.  in. 
2       8 

aO       7 
1      11 

5       2 
4        7 

E 

1  AborfttOFF  No .,..., 

14323 

Roof.shalo. 

cJoal 

Ft.  in. 
2     9 

flh^le  and  bone . . 

aO      6i 
2      0 

Coal 

Floor,  shale. 

Tnickpe^ofb^ 

\  ^ 

Thickness  of  ooal  sampled . 

a  Not  included  In  sample. 

Section  A  (sample  14319)  was  measured  at  the  break-through  to  the  air  course  at 
left  entry  6,  about  2,600  feet  from  the  mine  mouth. 

Section  B  (sample  14320)  was  measured  at  the  face  of  right  heading  6,  about 
2,800  feet  hrom  the  mine  mouth. 

Section  C  (sample  14321)  was  measured  at  the  face  of  room  2,  right  heading  8,  about 
3,300  feet  from  the  mine  mouth. 

Section  D  (sample  14322)  was  measured  at  the  face  of  right  heading  8,  3,400  feet 
from  the  mine  mouth. 

Section  E  (sample  14323)  was  measured  at  the  face  of  the  main  heading,  3,200  feet 
from  the  mine  mouth. 


li 
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A  compoflite  sample  was  made  by  mixing  face  samples  14319  to  14323,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No. 
14324. 

Notes. — ^The  Ljmwin  mine  is  opened  by  a  drift  entry  and  the  coal  is  mined  by  the 
room-and-piUar  system.  At  the  time  of  sampling  the  coal  was  undercut  by  hand  and 
broken  down  with  FFF  black  powder  and  a  permissible  explosive.  All  of  the  coal 
was  shipped  as  run-of-mine.  The  screening  plant  had  bar  screens  6  by  12  feet 
with  3-inch  openings.  Pickers  were  employed  on  the  car  in  loading.  The  run- 
of-mine  coal  contained  large  lumps  and  presented  a  good  appearance  on  the  cars. 
There  were  two  loading  tracks  with  a  capacity  for  22  empty  and  22  loaded  cars.  There 
was  approximately  600  acres  of  unmined  coal  tributary  to  this  opening.  A  large 
percentage  of  the  coal  was  obtained  from  advance  work.  Daily  output,  450  tons, 
with  a  capacity  of  550  tons. 

WiNDiNQ  Gulf.    WiNDiNa  Gulf  No.  1  and  No.  2  Mines. 

Sample. — Semibituminous  coal;  New  River  field;  analyses  Nos.  14368, 14369, 14370, 
14371,  14372,  14373,  and  14374  (p.  131). 

Mvne. — ^Winding  Gulf  No.  1;  Kanawha-New  River  district;  at  Winding  Gulf  on  the 
Winding  Gulf  branch  of  the  Virginian  Railway.  No.  2  mine  is  1  mile  from  Winding 
Gulf  on  Winding  Gulf  branch  of  the  Chesapeake  &  Ohio  Railway. 

Coal  bed. — Beckley.  Carboniferous  (Pottsville)  age,  Quinnimont  formation. 
Average  thickness,  4  feet  6  inches.  Dip  about  2^  northwest.  Roof,  smooth  gray 
shale;  floor,  hard  fire  clay.  Material  from  the  roof  and  floor  does  not  become  mixed 
with  the  coal  in  mining.    Cover  at  points  of  sampling,  60  to  400  feet. 

The  coal  bed  was  measured  and  sampled  at  three  points  in  No.  1  mine  and  at  two 
points  in  No.  2  mine  by  D.  J.  Price  July  9, 1912,  as  described  below: 

Sections  of  coal  bed  in  Winding  Gulf  No.  1  mine. 


Section 

Laboratory  No 

Roof,  shale 

Coal 

Ck)al,bony 

Coal 

Floor,  fire  clay. 

Tnlckness  of  bed 

Thickness  of  coal  sampled 


A 

B 

14368 

143e0 

Ft.   Hi. 

Ft.   in. 

2    11 

2    10 

aO      3 

aO     3 

1     a 

1      3 

4      4 

4      4 

4      1 

4      1 

c 

14370 
Ft.   in. 
2      11 
aQ       i 

I       6 


4 

4 


9 
5 


a  Not  Included  in  sample. 

Section  A  (sample  14368)  was  measured  at  the  face  of  room  14,  ofif  left  entry  1,  off 
the  main  right  heading. 

Section  B  (sample  14369)  was  measured  at  the  foce  of  the  air  course  of  the  west 
entry. 

Section  C  (sample  14370)  was  measured  at  the  foce  of  the  main  right  heading. 

A  composite  sample  was  made  by  mixing  face  samples  14368,  14369,  and  14370. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14371. 

Sections  of  coal  bed  in  Winding  Gulf  No.  i  mine. 


Section 

Laboratory  No 

Roof,  shale. 

Coal 

Coal,  bone 

Coal 

Floor,  fireclay. 

Tnicknass  of  bed 

Thickness  of  coal  sampled 


A 

14372 

-FMn. 

3 

0 

aO 

4 

0 

9 

4 

1 

3 

0 

B 
14373 
Ft.1m, 

3  2 
aO      3 

1      6 

4  11 

4      8 


•  Not  tnolnded  In  sample. 
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Section  A  (sample  14372)  was  measured  on  the  pillar  at  the  break-through  to  right 
heading  1. 

Section  B  (sample  14373)  was  measured  at  the  i&ce  of  left  heading  2. 

A  composite  sample  was  made  by  mixing  samples  14372  and  14373.  The  results  of 
an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  14374. 

Notes. — ^Both  of  these  mines  were  comparatively  new  at  the  time  of  sampling.  Both 
mines  are  opened  by  a  slope  and  the  coal  is  mined  by  the  room-and-pillar  system. 
At  the  time  of  sampling  the  coal  was  undercut  by  electric  machines  and  broken  down 
with  permissible  explosives.  All  of  the  coal  was  shipped  as  run-of-mine.  Pickers 
were  employed  on  the  cars  in  loading.  The  average  daily  output  of  No.  1  mine  was  400 
tons. 

WOODBAY.      McAlPIN   No.   1  MiNE. 

Sample. — Semibituminous  coal,  New  E^ver  field;  analyses  Nos.  14301, 14302, 14303, 
14304, 14305, 14306, 14307, 14308,  and  14309  (p.  131). 

Mine. — ^McAlpin  No.  1;  Kanawha-New  River  district;  a  drift  mine  at  Woodbay 
Station  on  the  Winding  Gulf  branch  of  the  Virginian  Railway. 

Coal  bed. — ^Beckley.  Carboniferous  (Pottsville)  age,  Quinnimont  formation. 
Average  thickness,  5  feet;  dip,  H^  northwest.  Roof,  shale  2  to  3  feet  thick,  containing 
streaks  of  coal,  above  the  shale  which  is  a  cap  rock;  floor,  a  dark  soft,  smooth  car- 
bonaceous shale.  Material  from  the  roof  and  floor  did  not  become  mixed  with  the 
coal  in  mining.    Cover  at  points  of  sampling,  about  400  feet. 

The  bed  was  measured  and  sampled  at  eight  points  in  the  mine  by  J.  J.  Rutledge  and 
D.  J.  Price,  July  6, 1912,  as  described  below: 

Sections  of  coal  bed  in  McAlpin  No.  1  mine. 


Section 

Laboistory  No 

Roof,  shale. 

CoaL 

Mother  ooal 

CoaL 

Camielooal 

CoaL 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

C 

14301 

14302 

14308 

Ft.  in. 

Ft.  in. 

Ft.  in. 

3   1 

2  7 

2  3 

0  9} 

•  •    •  • 

•  •    *  • 

1  3 

1   4 

0  3 

0  2 

0  2 

1  3 

1  3 

2  6 

I  % 

5  3 

6  3 

5  3 

6  3 

D 
14304 
Ft.  in. 

2     9 

0 

0 

0 

1 


11 
3 

4 


5     Z\ 
5     3j 


Sections  of  coal  bed  in  McAlpin  No.  1  mine. 


Bectkm 

lAboratory  No 

Roof,  shale. 

Coal 

Coal,  bony 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


B 

P 

0 

14305 

14306 

14307 

Ft.  in. 

Ft.  in. 

Ft.  in. 

3  3 

3   3 

3  2 

aO  4 

00   4} 

aO   3} 

0  11} 

0   8 

0  10 

\  3 

4   3i 
3  11 

4  ^ 
4   0 

H 

14306 
Ft.  in. 

3  3 
00     4} 

0     9 

4  4| 

4      0 


a  Not  included  in  sample. 

Section  A  (sample  14301)  was  measured  at  the  face  of  the  second  panel,  off  left 
heading  3,  off  second  main  entry. 

Section  B  (sample  14302)  was  measured  at  the  face  of  the  second  main  air  course. 

Section  0  (sample  14303)  was  measured  at  the  face  of  room  10,  second  panel,  left 
entry  2. 

Section  D  (sample  14304)  was  measured  at  the  ^e  of  room  3,  first  panel,  left  entry  3. 

Section  E  (sample  14305)  was  measured  on  the  piUar  of  main  heading  1,  between 
ri^t  entries  3  and  4. 
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Section  F  (sample  14306)  was  measured  at  the  face  of  the  second  panel,  off  rig^t 
heading  2. 

Section  G  (sample  14307)  was  measured  at  the  face  of  the  fourth  panel,  off  right 
heading  2. 

Section  H  (sample  14306)  was  measured  on  the  pillar  of  the  air  course,  near  rig^t 
entry  2. 

A  comi)osite  sample  was  made  by  mixing  samples  14301  to  14308,  inclusive.  Hie 
results  of  an  ultimate  analysLs  of  this  sample  are  shown  under  laboratory  No.  14309. 

Notes. — ^The  McAlpin  No.  1  Mine  is  opened  by  drift  entries  and  the  coal  mined  by  a 
combination  of  the  room-and-pillar  and  panel  systems.  At  the  time  of  sampling  the 
coal  was  undercut  by  electric  punchers  and  shot  down  with  a  permissible  explosive. 
A  permissible  explosive  was  also  used  for  brushing  the  roof.  All  of  the  coal  was  shipped 
as  run-of-mine.  The  mine  was  equipped  "with  a  screening  plant  in  which  the  bar 
screens  had  IJ-inch  openings.  The  coal  was  hand-picked  prior  to  loading  on  a  con- 
veying table  about  170  feet  long.  The  coal  presented  a  good  appearance  when  loaded 
on  the  cars.  There  were  two  loading  tracks  with  a  capacity  for  31  empty  and  36 
loaded  cars.  All  of  the  coal  was  obtained  from  advance  work.  Output,  1,000  tons 
day,  with  a  maximum  output  of  about  1,500  tons. 

RANDOLPH  COUNTY. 

Mill  Creek.    Tolbert  and  Spiker  Mine. 

Sample. — ^Bituminous  coal;  analysis  No.  13561  (p.  132). 

Mine. — ^Tolbert  and  Splker;  Monongahela  district;  on  Mill  Creek,  6  miles  south  of 
the  town  of  Mill  Creek. 

Coal  bed. — Sewell  ( ?) .  Carboniferous  age,  Pottsville  formation .  Average  thi  ckness 
about  4  feet;  dip,  8®  west. 

The  bed  was  measured  and  sampled  at  one  point  by  £.  K.  Lloyd  on  March  19, 1912, 
as  described  below: 


Section  of  coal  in  Tolbert  and  Spiker  mine. 

Laboratory  No 

13561 

Roof,  dark  sbale. 

Coal 

Ft.  in. 
1    7 

Bone 

aO    5 

Coal 

2    0 

Shale. 

Thickness  of  bed 

4    0 

Thickpws  of  ooftl  sampled ,..,., 

8    7 

a  Not  Included  in  sample. 

The  sample  was  collected  about  100  feet  north  of  the  mouth  of  the  mine  about  40 

feet  from  the  outcrop,  imder  about  75  feet  of  cover.    Average  output,  about  2i  tons 

a  day.    The  mine  is  located  on  the  northeast  face  of  Rich  Moimtain,  at  an  elevation 

of  about  2,750  feet. 

Spruce.    Hopkins  Mine. 

Sample. — ^Bituminous  coal;  analysis  No.  13601  (p.  132). 

Mine. — ^Hopkins;  Monongahela  district;  about  9  miles  southwest  of  Cheat  Bridge, 
on  Cheat  River  lumber  road  of  West  Virginia  Pulp  &  Paper  Co.,  and  about  5  miles 
from  Spruce. 

Coal  bed. — Sewell  (?).  Carboniferous  age,  Pottsville  formation.  Thickness  at 
point  where  sampled,  4  feet  7  inches  clear  coal,  which  is  about  the  average  thickness 
within  the  mine.  Roof  and  floor,  shale.  The  mine  is  near  the  top  of  Cheat  Mountain 
at  an  elevation  of  over  4,000  feet.  Sample  was  collected  in  the  mine  1 ,075  feet  south- 
west of  the  mine  mouth  by  £.  R.  Lloyd  on  March  20,  1912. 
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WYOMING. 
CONVEBSB  COUNTY. 

Douglas.    Outcrop. 

Sample. — Subbituminous  coal;  Glenrock  field;  analysis  No.  11442  (p.  132). 

Mine. — Outcrop  in  sec.  33,  T.  40  N.,  R.  72  W.,  50  miles  north  of  Douglas,  which  is  the 
nearest  station  on  the  Chicago  &  North  Western  Railway. 

Coal  bed. — ^Lower  Biumed.  Tertiary  age,  Fort  Union  formation.  Thickness,  6  feet 
5  inches.    Boof,  carbonaceous  shale;  floor,  carbonaceous  clay. 

The  bed  was  measured  and  sampled  by  V.  H.  Bamett  on  September  25,  1910,  as 
described  below: 

Section  of  coal  bed  in  outcrop^  50  miles  north  of  Douglas. 


Laboratory  No 

Roof,  carbonaceous  shale. 

Coal  ¥rith  thin  carbonaceous  lenses . 

Cool 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


11442 
Ft.  <n. 
oO    10 

6     7 

6     5 
6     7 


a  Not  included  in  sample. 


Glenrock.  Country  Bank. 


Sample. — Subbituminous  coal;  Glenrock  field;  analysis  No.  11048  (p.  132). 

Mine. — Country  bank  in  sec.  5,  T.  37  N.,  R.  75  W.,  20  miles  north  of  Glenrock,  which 
is  the  nearest  station  on  the  Chicago  &  North  Western  Railway. 

Coal  bed. — Not  named.  Tertiary  age,  Fort  Union  formation.  Thickness,  12  feet  8 
inches;  sandstone  cap  rock. 

The  bed  was  measured  and  sampled  by  C.  H.  Wegemann  on  September  29, 1910,  as 
described  below: 

Section  of  coal  bed  in  country  banh^  tO  miles  north  of  Olenroch. 


Laboratory  No 

Roof,  sandstone. 

Coal 

Coal,  bony 

Bone 

Coal,  clean 

Coal  with  2  bone  partings.. 
Floor,  not  stated. 

lliickness  of  bed 

Thickness  of  coal  sampled . 


11048 
Ft.    in. 
6     0 
ai     2 
aO      2 


a  3  10 

a2  6 

12  8 

5  0 


o  Not  included  in  sample. 
Note. — The  coal  was  mined  intermittently  from  an  open  pit. 


Inez.    Diamond  Mine. 


Sample. — Subbituminous  coal;  Glenrock  field;  analysis  No.  14781  (p.  132). 

Mine. — Diamond;  Inez  district;  a  slope  mine  in  sec.  16,  T.  33  N.,  R.  73  W.,  IJ  miles 
south  of  Inez,  and  of  the  Chicago  &  North  Western  Railway. 

Coal  bed. — ^Not  named.  Tertiary  age.  Fort  Union  formation.  Thickness,  4^  to  5 
feet;  roof,  fair  shale;  floor,  good  shale;  dip,  H**  NE. 


ii 
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The  bed  was  measured  and  sampled  on  September  24,  1912,  by  V.  H.  Bamett,  as 

described  below: 

Section  of  coal  bed  in  Diamond  mine. 


Laboratory  No 

Roof,  shale. 

Coal 

Clay 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  ooal  sampled . 


14781 

FL  in. 

4  3 

0  1 

0  4 

4  8 

4  8 


The  sample  was  obtained  at  the  face  of  an  entry  450  feet  from  the  mine  mouth. 

Inez.    Inez  Mine. 

Sample. — Subbituminous  coal;  Glenrock  field;  analysis  No.  14754  (p.  132). 

Mine.^Inez;  Inez  district;  a  drift  mine  in  the  NW.  J  sec.  16,  T.  33  N.,  R.  72  W., 
1  mile  south  of  Inez  and  of  the  Chicago  &  North  Western  Bailway. 

Coal  bed. — Not  named.  Tertiary  age,  Fort  Union  formation.  Average  thickness, 
about  5  feet;  dip,  17^  NE. 

The  bed  was  measured  and  sampled  by  F.  A.  Herald  on  September  19,  1912,  as 

described  below: 

Section  of  coal  bed  in  Inez  mine. 


Laboratory  No 

Roof,  brown,  carbonaceous  shale. 

Coal 

Shale,  carbonaoeous,  brown . . 


Shale,  gray, 
"  J,  bro^ 


Shale,  brown,  carbonaoeous 
Coal 
Flow,  brown,  carbonaoeous  shale. 

Thickness  of  bed 

Thickness  of  ooal  sampled 


147S4 

Ft. 

hi. 

5 

3 

aO 

5 

«0 

11 

aO 

0 

0 

7 

7 

8 

5 

10 

o  Not  included  in  sample. 

The  sample  was  taken  at  the  end  of  the  entry,  620  feet  northwest  of  the  mouth  of 

the  slope. 

Lost  Spring.    Fred  Uaynes  Prospect. 

Sample. — Subbituminous  coal;  Lost  Spring  field;  analysis  No.  10711  (p.  132). 

Prospect. — Fred  Haynes,  a  prospect  opening  in  sec.  11,  T.  32  N.,  R.  69  W.,  9  miles 
west  of  Lost  Spring,  which  is  the  nearest  station  on  the  Chicago  &  North  Western 
Railway. 

Coal  bed. — Unnamed.  Tertiary  age,  Fort  Union  formation.  Thickness,  4  feet  2 
inches.    Roof,  shale;  floor,  shale. 

The  coal  bed  was  sampled  at  one  point  in  the  entry  by  D.  £.  Winchester  on  Augufit 
1, 1910.  The  sample  was  taken  at  the  face  of  the  main  entry,  about  50  feet  from  the 
mouth  of  the  entry. 

For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  S.  Geol.  Survey 

Bull.  471,  p.  491. 

Lost  Spring.    Harnet  Creek  Mine. 

Sample. — Lignite  vcjging  on  subbituminous  coal;  Lost  Spring  field;  analysis  No. 
10911  (p.  132). 

Mine.—RBmey  Creek,  a  drift  mine  in  sec.  13,  T.  34  N.,  R.  67  W.,  17  miles  northeast 
of  Lost  Spring,  which  is  the  nearest  station  on  the  Chicago  &  North  Western  Railway. 
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Coal  bed. — ^Unnamed.  Tertiary  age,  Fort  Union  formation.  Thickness,  5  feet 
6  inches.  Roof,  sandstone;  floor,  sandstone.  The  coal  bed  was  sampled  at  one  point 
in  this  mine  by  D.  E.  Winchester,  September  10,  1910,  as  described  below: 

Section  of  coal  bed  in  Harney  Creek  mine. 


Laboratory  No 

Roof,  sandstone. 

Coal 

Shale,  carbonaceous 

Coal 

Shale,  carbonaceous 

Floor,  sandstone. 

Thickness  of  bed 

Thiclmess  of  coal  sampled . 


10911 

Ft.  in. 

2   10 

aO     1 

2      1 

aO     6 

5      6 
4    11 


a  Not  Included  in  sample. 

The  above  sample  was  taken  at  the  end  of  the  main  entry,  80  feet  from  the  main 
mouth. 

For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  S.  Geol.  Survey 
Bull.  471,  p.  505. 

Lost  Spring.    Onyon  Mine. 

Sample. — Subbituminous  coal;  Lost  Spring  field;  analysis  No.  10740  (p.  133). 

Mine. — Onyon,  a  drift  mine  in  sec.  36,  T.  33  N.,  R.  68  W.,  about  2  miles  northwest 
of  Lost  Spring,  which  is  the  nearest  station  on  the  Chicago  &  North  Western  Railway. 

Coal  bed. — ^Unnamed.  Tertiary  age.  Fort  Union  formation.  Thickness,  5  feet 
9  inches;  roof,  shale;  floor,  shale. 

The  bed  was  sampled  at  one  point  in  the  mine  by  D.  E.  Winchester  on  August 
4, 1910.  The  sample  was  taken  in  room  15  off  north  entry  1,  1,800  feet  from  the  mine 
mouth. 

For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  S.  Greol.  Survey 
Bull.  471,  p.  495. 

Lost  Spring.    Prospect. 

Sample. — Subbituminous  coal;  Lost  Spring  field;  analysis  No.  11447  (p.  133). 

Prospect. — Prospect  in  sec.  8,  T.  37  N.,  R.  68  W.,  35  miles  north  of  Lost  Spring, 
which  is  the  nearest  station  on  the  Chicago  &  North  Western  Railway. 

Coal  bed. — D.  Tertiary  age,  Fort  Union  formation.  Thickness,  4  feet  4  inches; 
cap,  sandstone;  floor,  shale. 

The  bed  was  sampled  by  D.  E.  Winchester  on  October  21,  1910.  The  bed  had 
been  opened  as  a  stripping  pit.  Some  coal  had  been  taken  from  the  prospect  during 
previous  winters. 

For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  S.  Geol.  Survey 
Bull.  471,  p.  513. 

Lost  Spring.    Rosin  Mine. 

Sample. — Subbituminous  coal;  Lost  Spring  field;  analysis  No.  10775  (p.  J.33). 

Mine. — ^Rosin,  a  drift  mine  in  sec.  35,  T.  34  N.,  R.  68  W.,  8  miles  north  of  Lost 
Spring,  which  is  the  nearest  station  on  the  Chicago  &  North  Western  Railway. 

Coal  bed. — ^Unnamed.  Tertiary  age,  Fort  Union  formation.  Thickness,  5  feet  1 
inch;  roof,  shale;  floor,  shale. 
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The  bed  was  measured  and  sampled  by  D.  K.  Winchester  on  August  17, 1910»  as  de- 
scribed below: 

Section  of  coal  bed  in  Ronn  mine. 


Labantory  No 

Roof,  shale. 

Coal,  soft  and  bri^t 

Shale,  soft,  carbooKieous . . 

Coal,  bright  and  hard 

Bhale.  carbonaceous 

Coal,  bright  and  hard 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


10775 
Ft.  in. 
1      1 
•  0 
1 
aO 
2 


5      1 
4      9 


a  Not  included  in  sample. 

The  sample  was  taken  at  the  face  of  left  entry  1  off  main  entry,  about  1,000  feet  from 
the  mine  mouth. 

For  a  description  of  the  geologic  relations  of  this  coal  bed,  see  U.  S.  Qeol.  Survey 
Bull.  471,  p.  501. 

Lost  Spring.    Sunset  Minb. 

Sample. — Subbituminous  coal;  Lost  Spring  field;  analysis  No.  10835  (p.  133). 

Mine. — Sunset,  a  drift  mine  in  sec.  35,  T.  34  N.,  B.  68  W.,  8  miles  northwest  of 
Lost  Spring,  which  is  the  nearest  station  on  the  Chicago  &  North  Western  Railway. 

Coal  bed. — Unnamed.  Tertiary  age,  Fort  Union  formation.  Average  thickness 
about  5  feet;  roof,  bony  coal;  floor,  shale. 

The  coal  bed  was  sampled  by  D.  E.  Winchester  August  20, 1910,  as  described  below: 

Section  of  coal  bed  in  Sunset  mine. 


lAboratory  No 

Roof,  bony  ooal. 

Coal 

Bony  ooal 

Coal 

Bony  ooal 

Coal 

Shale 

Coal 

Floor,  shale. 

TnicknesB  of  bed 

ThJcknees  of  ooal  sampled . 


10836 

FLH, 

0 

4 

al 

4 

0 

0 

•  0 

i 

0 

7 

aO 

3 

3 

3 

5 

M 

S 

8 

a  Not  included  in  sample. 

This  sample  was  taken  at  the  face  of  the  main  entry,  500  feet  from  the  mouth. 
For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  471,  p.  502. 

CBOOK  COT7NTY. 

Sundance.    Belshe  Mine. 

Sample. — Bituminous  coal;  Sundance  field;  analysis  Noe.  15713,  15714,  and  15715 
(p.  133). 

Mine.— BehHie;  SE.  {  NW.  {  sec.  24,  T.  51 N.,  R.  64  W.,  7)  miles  west  of  Sundance. 

Coal  bed. — No  name.  Lower  Cretaceous  age,  Lakota  fonnation.  The  bed  is  nearly 
horizontal  and  is  variable  in  thickness  and  character/    Both  roof  and  floor  are  shale. 

The  bed  was  measured  and  sampled  by  M.  W.  Ball  on  January  2  and  3,  1913,  as 
described  below: 
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Sections  of  coal  bed  in  Belshe  mine. 


Bectkm 

lAboratory  No 

Roof,  section  A,  black,  carbonaceous  shale  with  some  coal; 
section  B,  black,  "slatv"  shale;  section  C,  dark-gray  shale, 
"slaty"  immediately  above  coal. 

Coal,  somewhat  dirty,  pyritiferous 

Coal,  bright,  clean 

Coal,  rather  dull,  but  dean. 

Coal  and  pyrlte 

Coal,  sliffhtly  dull,  with  half  inch  streaks  of  lustrous  coal. . 

Coal,  bmht,  with  a  few  sulphurous  streaks. 

Coal,duu 

Coal,  bright 

Coal,  moderately  bright,  rather  hard 

Splint  and  good  coal,  intermixed 

Coal,  rather  dull 

Coal,  bright 

Coal,  rather  dull  and  hard 

Coal,  good 

Splint 

Coal,  moderately  bright,  with  a  little  pyrite 

Coal 

Splint 

Coal,  bright 

Coal,  somewhat  dull 

Coal 

Floor,  section  A.  black  shale;  section  B,  "slaty"  shale,  with 
some  coal;  section  C,  "slaty"  shale;  section  D,  dark-gray 
shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

15713 


Ft.  kL 

0  2 

0  3f 

0  2 


1  1 

2  2 
aO     2| 


oO 
1 


? 


5     Zh 
4    lOf 


Ft, 

6 

'6 


in. 


0     5) 


0 
1 
0 


0     5i 


0 
0 
0 


4 
4 


3 
4 
3i 


10| 
10} 


{ 


c 

15714 
15715 


}• 


Ft,   in. 

•  ■         •  • 

0     2 


0  11) 

1  1 
0  2 
0  7 


bO  4| 

60  3 

bO  2 

0  6 


4     3i 


Ft.   in. 
"O     2 


3 
0 

0 
0 


2 

*7 
1| 


0  ^ 


4 
4 


a  Not  included  in  sample. 

b  Not  included  in  sample  15714  but  included  in  sample  15715. 

e  Sample  15714, 3  feet  5}  inches;  sample  15715, 4  feet  SJ  inches. 

Section  A  (sample  No.  15713)  was  taken  at  end  of  room  turned  east  from  back 
entry,  275  feet  from  mouth  of  mine. 

Section  6  was  taken  at  the  end  of  the  back  entry. 

Section  G  (samples  Nos.  15714  and  15715)  was  taken  in  the  last  crosscut,  48  feet 
from  the  front  entry. 

Section  D  was  taken  at  the  end  of  the  front  entry. 


FBEMONT  COUNTY. 

Hudson.    Hickey  Mine. 

Sample. — Subbituminous  coal;  Hudson  field  of  the  Wind  River  region;  analysis 
No.  17247  (p.  133). 

Mine. — Hickey,  a  slope  mine  in  sec.  11,  T.  1  S.,  B.  2  E.,  1  mile  west  of  Hudson 
and  one-fourth  of  a  mile  from  the  main  line  of  the  Chicago  &  North  Western  Bailway. 

Coal  bed. — ^Unnamed.  Cretaceous  age,  Mesaverde  formation.  Average  thickness 
about  3  feet  8  inches ;  dip  13^  E . ,  15^  N .  Faults,  rolls,  and  horsebacks  are  uncommon. 
Roof,  hard  gray  shale,  above  which  is  sandstone  cap  rock;  floor,  hard  smooth  shale; 
particles  of  the  roof  and  floor  do  not  get  mixed  with  the  coal  in  mining.  The  cover 
at  the  point  where  sample  was  taken  is  about  100  feet. 

The  coal  bed  was  measured  and  sampled  by  J.  C.  Roberts  on  lifay  16,  1913.  The 
sample  included  a  ^  foot  cut  of  coal.  The  roof  was  shale,  over  which  was  sandstone; 
the  floor  was  shale. 

The  sample  was  taken  in  room  3,  off  the  south  entry,  300  feet  from  the  mouth  of  the 
mine. 

Notes.— The  Hickey  mine  is  opened  by  a  slope  and  the  coal  is  mined  by  the  room- 
and-pillar  system.  The  coal  was  undercut  by  hand  and  broken  down  with  black  blast- 
ing powder.  The  coal  cuttings  were  loaded  with  the  coal.  The  screening  equipment 
consisted  of  bar  screens  12  feet  long  with  IJ-inch  and  J-inch  openings.    No  men  were 
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k%klJ\SiA  or  COAL. 


0!mp^,'/Mi  Uf  ^k  ciEUf^  <mt  *d  the  can  ai  tW  ti ppie.    Ei|^  mtm 

F^vr  »  4f^Tipt«r>A  rj^  tlMr  ptfJ^j^.  mifttkA  of  tKii  bed  fc«  U.  S,  OccL  Svrrex  B«IL  471, 

Hnwoy,    Ivmajt  Marx. 


fUfmpU.    H'AA/iutmumiMM  mol:  Hu'daoo  field; 
IUMI,  1IM2,  lOM),  UlZK^aad  L3179  p.  133,. 

i^in^.    Iwiota;  «k>f^  mme  ii«v  Hadmo,  u  the  XE.  i  wr.  2.  T.  2  8,  R.  2  E..  in  the 
¥Awm\^m*:  Iiyikm  fUstervAtuja^  oo  a  ffior  o<  the  WyoMiag  A  North  Wcrten  Bailvmjr. 

/>><ri  e<if>t/.-  The  b^  hM  dtX  been  dedgnUed  hy  name.  becaiMe  of  the  h^tarMWr 
tAtnr*;  fA  the  bed«  in  thin  regicA.    Cretaceow  aee;  McoiTetde 
In  U»/;  mine,  rans^/le;  dip,  U^  S.  whefe  aunple  13178  «m  taken,  asd  18*  8. 
WMn\fUt  \Z\V4  wan  takea, 

T\iH  bed  wan  meaimred  and  Munpled  at  fire  ^^fnaU  oo  September  3,  IflO,  by  H.  IL 
WolK  in^t^odzt  two  poin  t«  on  December  1 1, 191 1 ,  by  Max  A.  Piahel,  aa  afaovn  belov : 

Herii/mg  of  coal  bed  m  Indian  wihu. 


,»i 


t^^i^na 

tjiittfjnUiry  Ho. 

f  1«Mi  cmi 

M'My  vjmli 

lUmy  vjt0A 

i^U^n  etial , , , 

VUn$r.  tiny, 

ThUknt-m  of  fwl 

Thkktyim  of  comI  nsuniiUid . 


A 

B 

C 

D 

E 

VKPi 

tffOB 

lOMt     1 

USti 

u»o 

Ft.  in. 

ff.  hi. 

Ft.  im.  : 

Fir,  «. 

'      ITL  Im. 

. 

•0    10 

«0      8 

•0      ft 

..    .- 

7      7i 

3    10 

•  •         •  • 

3      1| 

«  «          •  • 

-0      61 

1 

-- 

«  •-         '  * 

*  «         •  • 

0    7; 

6     2J 

•  ^         •-  • 

2      5 

6      7 

3      2 

7      6 

7      7} 

7      7i| 

7    10 

7      2 

7      6 

6     3 

7      2 

1 

6      6 

7      6 

H^v-tlon F 

i  A^\nw%Uwy  Ho 13178 

Hool.nhnUi.  '    Ft.  m. 

(VkiI 1  6 

(Umi,  wHh  tntny  iitf i«k« ;      . .  . . 

lU/im ;     •©  4 

<Vm| I      ..  .. 

HUnUi,  \Hrtiy |      •!  2 

('*mi I  6 

lUmn «0  4 

•1  2 

0  0 

A  6 

3  6 


HiimU),  \}ony 

iUmi 

V\oor.  unndntonn. 

'VuU'ktv-i-*  of  \tM 

TliU'kfMwt  of  crjttJ  HutnpM. 


O 
1317B 
Ft.  <m. 

0  16 

•0  4 

2  0 

•1  0 

0  8 

•0  2 

•  •  *  ■ 

2      0 


7 

5 


0 
6 


o  Not  included  in  sample. 


Hortion  A  (ftamplo  10838)  wem  meaHurcd  at  the  face  of  room  17,  off  the  00  entry. 

Hm*tion  h  (itample  10830)  waa  meamired  at  the  face  of  west  entry  4. 

Koclion  C  (Hampio  10840)  wa«  measured  in  a  room  (about  No.  30),  off  weet  entry  2. 

H<H*tion  1)  (iiampio  10841)  was  measured  at  the  face  of  room  4,  off  east  entry  3. 

Hof'tion  K  (sample  10843)  was  measured  at  the  face  of  room  14},  off  weet  entry  2. 

Ho<*tion  F  (sample  13178)  was  measured  in  the  fifth  west  back  entry,  one-fourth  of  a 
mile  souUiwost  of  the  mine  mouth. 

Hection  U  (sample  13170)  was  taken  in  the  main  entry,  900  feet  from  the  mine  mouth. 

A  comi>osite  sample  was  made  by  mixing  samples  10838,  10839,  10840,  and  10841. 
The  results  of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  10842. 

NotfM,  At  the  time  of  sampling  in  1911  the  mine  had  been  abandoned  several 
months  and  a  number  of  men  were  engaged  in  removing  the  hoisting  engine.  It 
noomoil  probable  that  in  the  future  the  mine  would  be  worked  on  a  small  scale,  as  there 
was  still  ronsidorablo  coal  loft  in  the  mine  as  pillars.  The  probable  lifetime  of  the 
mine  was  10  ymrs. 


WYOMING:   FBEMONT  COUNTY. 


393 


Hudson.    Mitchell  Mine. 

Sample. — Subbituminoiis  coal;  Hndson  field;  analysis  No.  17248  (p.  133). 

Mine. — ^Mitchell,  a  elope  mine  in  the  Shoshone  Indian  Reservation,  in  the  SW.  J 
sec.  22,  T.  1  S.,  R.  2  E.,  5  miles  from  Hudson  and  31  miles  from  the  Indian  mine  spur 
off  the  Chict^  &  North  Western  Railway. 

Coal  bed. — ^The  bed  has  not  been  designated  by  name,  chiefly  because  most  of  the 
beds  in  this  region  are  lenticular.  Cretaceous  age,  Meeaverde  formation.  Average 
thickness,  3  feet;  dip,  20**  S.  40**  E.  No  cleats,  rolls,  or  horsebacks  have  been  encoun- 
tered. Roof,  excellent  shale,  above  which  is  sandstone;  floor,  hard,  smooth  shale. 
The  cover  at  the  point  where  the  sample  was  taken  is  about  100  feet  thick. 

The  coal  bed  was  measured  and  sampled  at  one  point  in  the  mine  by  J.  C.  Roberts, 
on  May  16, 1913,  as  described  below: 

Section  of  coal  bed  in  Mitchell  mine. 


LaboiBtorvNo 

Roof,  aanostone  over  sbale. 

Coal 

Shale  parting 

CJoal 

Floor,  shale. 

Thjoknem  of  bed 

ThJckness  of  coal  sampled 


17248 

Ft. 

in. 

1 

2 

aO 
2 

1 

3 

4 

3 

2i 

a  Not  included  in  sample. 

The  sample  was  taken  in  the  last  room  off  the  main  slope,  40  feet  from  the  slope  and 
500  feet  from  the  mouth  of  the  slope. 

Notes. — The  Mitchell  mine  is  opened  by  a  slope  which  is  6.050  feet  above  sea  level. 
Although  the  long-wall  method  of  mining  was  started,  the  workings  at  the  time  of 
sampling  consisted  mostly  of  rooms  and  gangways.  The  screening  plant  consisted 
of  l»r  screens  with  1-inch  openings.  There  were  no  railway  connections  and  the 
coal  was  transported  by  wagons.  The  mine  was  operated  only  when  the  operator  had 
an  order  for  coal  for  local  consumption.    All  workings  were  advance. 

Hudson.    Proposia  Mine. 

Sample.— Lignite;  analyses  Nos.  17244,  17245,  and  17246  (p.  133). 

Mine. — Proposia,  a  slope  mine  4  miles  from  Hudson  on  a  spur  of  the  Chicago  & 
North  Western  Railway. 

Lignite  bed. — Lander.  Cretaceous  age,  Mesaverde  formation.  Average  tliickness,  12 
feet,  ranging  from  8  to  17  feet;  dip,  14**  N.  17**  E.  There  are  no  cleats,  faults,  rolls, 
or  horsebacks  in  the  bed.  Roof,  shale  with  a  sandstone  cap  rock;  floor,  hard  smooth 
shale.  Particles  of  the  roof  and  floor  do  not  mix  with  the  coal  in  mining.  The  roof 
at  the  points  where  the  samples  were  taken  varies  from  100  to  300  feet  in  thicknevss. 

The  lignite  bed  was  measured  and  sampled  at  two  points  by  J.  C.  Roberts  on  May 
18,  1913,  as  described  below: 

Sections  of  lignite  bed  in  Proposia  mine. 


Section 

Laboratory  No 

Roof,  shale  under  sandstone. 

Clean  coal 

Do 

Floor,  shale. 

Tmckneas  of  bed 

Thickness  of  coal  sampled. 


A 

B 

17244 

17245 

Ft.  in. 

Ft.  in. 

a?   6 

•  s      •  • 

9   6 

8  0 

17   0 

8  0 

9   6 

8  0 

a  Not  included  In  siunple. 

Section  A  (sample  17244)  was  measiured  at  the  face  of  the  second  north  entry,  1,800 
feet  from  the  mine  mouth. 

Section  B  (sample  17245)  was  measured  at  the  face  of  the  fifth  south  entry,  1,200  feet 
from  the  mine  mouth. 


i 
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A  composite  sample  was  made  by  mixing  samples  17244  and  17245.  The  results 
of  an  ultimate  analysis  of  this  sample  are  given  under  laboratory  No.  17246. 

Notes. — The  Proposia  mine  is  opened  by  a  slope.  The  coal  is  mined  by  the  room- 
and-pillar  system.  At  the  time  of  sampling  the  coal  was  undercut  by  hand  and  shot 
down  with  FF  black  blasting  powder.  The  cuttings  were  loaded  with  the  coal.  None 
of  the  coal  was  shipped  as  run-of-mine.  The  screening  eq uipmen t  consisted  of  shaking 
screens  32  feet  long  by  8  feet  wide;  diameter  of  holes  },  2,  4,  5,  6,  and  8  inches. 
Twenty-five  per  cent  of  the  coal  was  lump;  30  per  cent  grate;  33  per  cent  nut,  and 
12  per  cent  slack.  One  picker  was  employed  on  the  screens.  The  lump  coal  was 
large  and  had  an  excellent  appearance  on  the  cars.  There  were  three  loading  tracks 
with  a  capacity  for  50  empty  cars  and  50  loaded  cars.  There  was  approximately  600 
acres  of  unmined  coal  to  be  taken  out.  The  mine  had  an  estimated  life  of  10  years. 
About  75  per  cent  of  the  future  tonnage  was  to  be  derived  from  advance  work  and  25 
per  cent  from  pillars.  The  daily  output  at  the  time  of  sampling  (May,  1913)  was  1,100 
tons,  with  a  maximum  day's  run  of  1,300  tons. 

HOT  SPBINGS  COXTNTY. 

Crosby.    Bio  Horn  Mine. 

/Samp^«.— Subbituminous  coal;  analyses  Nos.  15201  to  15212,  15214  to  15219, 15234 
to  15237  (pp.  134-136). 

Mine. — Big  Horn,  a  slope  mine  at  Crosby,  2  miles  from  Kirby,  on  the  Chicago, 
Burlington  <fc  Quincy  Kailroad. 

Coal  bed. — Gebo.  Cretaceous  age,  Laramie  formation.  Thickness  of  coal,  6  feet 
6  inches  to  8  feet  6  inches,  not  including  the  top  coal,  which  is  about  2 J  feet  thick 
and  is  left  up  for  roof;  dip,  17**  N.  15**  E.  No  faults,  rolls,  or  horsebacks  are  encoun- 
tered. Hoof,  clay  and  shale  with  a  sandstone  cap  rock;  floor  smooth,  medium-hard, 
shaly  clay.  Neither  roof  nor  floor  particles  mixed  with  the  coal  in  mining.  Machine 
cuttings  were  loaded  with  the  coal.  The  cover  at  the  points  where  the  samples  were 
taken  varies  from  85  to  300  feet  in  thickness. 

The  coal  bed  was  measured  and  sampled  at  five  points  in  the  mine  and  four  sam- 
ples of  slack  coal  were  taken,  one  in  the  mine  and  three  from  wagons,  by  O.  U. 
Bradley,  December  6  to  17,  1912,  as  described  below: 

Sections  of  coal  bed  in  Big  Horn  mine. 


Section 

Laboratory  No 

Roof,  clay  and  shale. 

Coal 

Bony  coal 

Coal 

Bony  coal 

Coal 

Floor,  underclay. 

Thickness  of  bed 

Thickness  of  bed  sampled 


A 
/   15201 
\   15202 
Ft.    in. 

B 

15209 

15210 

Ft.    in. 

1   7 

C 

15214 

15215 

Ft.    in. 

D 

15216 

15217 

7  6 

•  •    •  • 

•  •    •  ■ 

0  1 

1  0 
aO   3 

5   6 

8   1 

•  •    •  • 

•  •    •  • 

•  ■    •  • 

2  4 

oO  3 
5  11 

7   6 
7   « 

8   5 
8   2 

8   1 
8   1 

8  6 
8  3 

E 

15218 

15210 

Ft.    ««. 


5     3 


5      3 
5      3 


a  Not  Included  in  sample. 

Section  A  (duplicate  samples  15201  and  15202)  was  measured  on  the  east  side  of 
room  5,  off  butt  entry  3  off  west  entry  1. 

Section  B  (duplicate  samples  15209  and  15210)  was  cut  from  east  side  of  room  5, 
50  feet  from  second  butt  dip  entry  off  west  entry  2. 

Section  C  (duplicate  samples  15214  and  15215)  was  cut  from  a  pillar  between 
rooms  6  and  7,  off  butt  entry  2  off  west  entry  1. 

Section  D  (duplicate  samples  15216  and  15217)  was  cut  from  the  face  of  room  6, 
off  first  dip  butt  entry  off  west  entry  2. 

Section  E  (duplicate  samples  15218  and  15219)  ¥raa  cut  from  the  face  of  room  9, 
>ff  east  entry  2,  45  feet  from  the  entry. 
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A  composite  sample  was  made  by  mixing  samples  15205,  15207,  and  15211.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  imder  laboratory  No.  15234. 

A  composite  sample  was  made  by  mixing  samples  15206,  15208,  and  15212.  The 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  15235. 

A  composite  sample  was  made  by  mixing  samples  15201, 15210, 15216,  and  15218- 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  imder  laboratory  No.  15236. 

A  composite  sample  was  made  by  mixing  samples  15202, 15209,  15217,  and  15219. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  15237. 

Duplicate  samples  15203  and  15204  represent  slack  coal  taken  from  the  mine. 

Duplicate  samples  15205  and  15206  represent  slack  from  17  wagonloads  averaging 
3,400  pounds  each. 

Duplicate  samples  15207  and  15208  represent  slack  coal  taken  from  20  wagon-loads 
averaging  3,400  pounds  each. 

Duplicate  samples  15211  and  15212  represent  slack  coal  taken  from  18  wagon-loads 
averaging  3,400  pounds  each. 

Notes, — ^The  Big  Horn  mine  is  opened  by  a  slope.  The  coal  is  mined  by  the  room- 
and-pillar  system.  At  the  time  of  sampling  the  coal  was  undercut  by  three  elec- 
tric coal-cutting  machines  and  four  air-pimching  machines.  It  was  shot  down  with 
black  blasting  powder.  Twenty-six  per  cent  of  the  output  passed  through  the  screens. 
Grades  of  coal  produced  were:  Lump  coal,  that  passing  3,  4,  and  8  inch  openings; 
egg  nut,  that  passing  4-inch  to  l^inch  openings;  nut,  that  passing  3-inch  to  1^  inch 
openings;  pea,  that  passing  IJ-inch  to  j-inch  openings.  About  70  per  cent  of  the  coal 
was  shipped  under  the  first  three  classifications.  There  was  little  demand  for  the 
pea  coal  and  the  excess  was  thrown  in  with  the  slack  and  nm  out  to  the  dump,  except 
a  small  amount  biumed  in  the  company's  boilers.  The  lumps  were  large  and  had 
a  good  appearance.  There  were  four  loading  tracks  with  a  capacity  of  15  empty  and 
15  loaded  cars.  There  was  approximately  490  acres  to  be  taken  out  from  the  opening. 
The  daily  average  output  was  800  tons,  with  a  maximum  day's  run  of  815  tons. 

KiBBT.    Gebo  Mike. 

Sample. — Subbituminous  coal;  Bighorn  Basin  field;  analyses  Nos.  15277,  15278, 
15279,  15280,  15281,  15282,  15283,  15342,  15343,  15344,  15345,  135346,  15347,  15348, 
15349,  15475,  15482,  15687,  and  16102  (pp.  136,137). 

Mine. — Gebo,  a  slope  mine  2  miles  southwest  of  Kirby  in  the  S.  }  sec.  11,  T.  44  N., 
R.  95  W.,  on  a  spur  of  the  Chicago,  Burlington  <fe  Quincy  Railroad. 

Coal  bed. — Gebo.  Cretaceous  age,  Eagle  sandstone.  Average  thickness  10  feet  8 
inches,  dip  20}®  N.  24°  E. ;  cleat  N.  57**  E.  No  faults,  rolls  or  horsebacks  are  encoun- 
tered. Roof,  clay  and  shale,  with  a  sandstone  cap  rock;  floor,  hard  and  smooth  sand- 
stone. Particles  of  the  roof  and  floor  seldom  mix  with  the  coal  in  mining.  Machine 
cuttings  were  loaded  with  the  coal.  The  cover  at  the  points  where  the  samples  were 
taken  varies  from  100  to  410  feet  in  thickness. 

The  coal  bed  was  measured  and  sampled  at  10  points  in  the  mine,  and  12  samples 
of  slack  were  taken  as  it  was  being  loaded  on  the  car  by  O.  U.  Bradley,  December  13 
to  27,  1912,  and  2  samples  were  taken  from  the  cars  of  slack  at  Pittsburgh,  Pa.,  by 
E.  R.  Linkenhoker  on  January  15  and  31,  1913,  as  described  below: 

Section  of  coal  bed  in  Gebo  mine. 


Section 

Laboratory  No 

Roof,  top  coal,  clay,  and  shale. 

Clean  coal 

Ck>al,  slightly  bony 

Coal 

Floor,  clay. 

Thickness  of  bed 

Thickness  of  ooal  sampled. 


A 

16277 

FU  in. 
7  2 
0  2 
0     6 

7    10 
7    10 


i 
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Se^TU-m  A  ^wnple  13S77;  wis  mamared  at  the  f»oe  of  the  fontfa  emt  eotry,  225 
feet  from  the  seoond  butt  entry. 

8ecti/jns  B,  C,  D,  E,  P,  G,  H,  I,  »d  J  vcte  cut  m  deeciflied  briov.  Sections 
B  to  E  had  a  foof  of  top  CQftl,  ckr,  aod  ilimfe,  »d  a  floor  of  day ;  flectkne  F  to  J  had  a 
roof  of  top  ooal,  day,  '*  date/'  and  fluidetoDe,  and  a  floor  of  day. 

Section  B  rnmple  15278)  icptcacnted  an  8-loot  9-tcdi  cut  of  ooaL  It  was 
meaeined  at  the  face  of  room  8  east,  tecond  butt  entry  off  die  fifth  entry. 

Section  C  ^«mple  15279 1  represented  a  9-loot  84ndi  cot  of  ooaL  It  vas  measored 
at  the  face  of  room  7  eart,  off  firrt  batt  entry  off  the  fifth  lereL 

Section  D  ^<nmple  15280;  represented  a  94oot  2-indi  cot  of  ooaL    It  vas 
at  the  face  of  the  third  eart  entry,  400  feet  from  the  second  bntt  entry. 

Section  E  Trample  152^1 )  represented  a  7-foot  ll-incfa  cat  of  ooid.    It 
ured  at  the  (are  of  the  third  we^t  entry,  300  feet  from  the  main  slope. 

Section  P  ^sample  15282)  represented  aO-foot  9-Jndi  cut  of  coaL  It  vas  measored 
on  a  piUar  between  room  1  weFt  and  the  back  entry  off  second  lereL 

Section  G  (duplicate  samples  15S42  and  15343)  represmted  a  5-foot  94ndi  cntof 
coaL  It  was  meaeored  on  a  pillar  between  the  second  west  entry  and  the  back  entry, 
375  feet  beyond  the  third  bntt  entry,  1,750  feet  from  main  slope. 

Se^-tion  H  (duplicate  sampfes  15344  and  15345)  represented  a  6-foot  1-inch  cut  of 
fXjaL  It  was  measored  on  apillar  between  rooms  1  and  2  we^t,  off  the  fiist  bntt  ertry 
off  the  RT'Cond  eafft  entry,  about  400  feet  from  main  slope. 

S^^^lion  I  (duplicate  samples  15346  and  15347)  represented  a  6-foot  5-inch  cut  of 
coaL  It  wiu*  measured  on  a  pillar  between  pitch  rooms  10  and  11,  off  the  fint  west 
entry. 

Scnion  J  (duplicate  samples  15348  and  15349)  represented  a  (Moot  7-inch  cat  of 
coal.  It  was  meatmred  near  the  face  on  a  pillar  between  the  fint  west  entry  and 
the  back  entry,  2,100  feet  from  the  nlope. 

A  rompofdte  sampfe  was  made  by  mixing  ounples  15277,  15278,  15279,  and 
15280.  The  results  of  ultimate  analyns  of  this  sampfe  are  shown  under  laboratory 
No.  15283. 

A  compomte  sampfe  was  made  by  mixing  six  separate  samfdes  taken  from  the 
slack  aK  it  was  being  loaded  into  the  cars  for  shipment  The  results  of  an  ultimate 
analyFifl  of  this  sampfe  are  given  under  laboratory  No.  15475. 

A  composite  sampfe  was  made  by  mixing  six  samples  taken  from  the  slack  as  it  was 
being  Uxided  into  the  cars  for  shipment.  The  results  of  an  ultimate  analysis  of  this 
sampfe  are  given  under  fehoratory  No.  15482. 

Samples  were  collected  from  each  of  two  cars  of  slack  shipped  to  Bureau  of  Mines, 
Pitti^burgh,  Pa.,  for  a  test  as  to  moet  efficient  utilization.  For  the  results  of  analyns, 
see  lalx>ratory  Nos.  15687  and  16102. 

NoU$. — ^The  Gebo  mine  is  opened  by  a  drift  The  coal  is  mined  by  the  room-and- 
pillarHyr^tem.  At  the  time  of  sampling  it  was  undercut  by  electric  chain  ma^tiintfyi 
and  comprewed-air  punching  machinofl  and  was  broken  down  with  black  blasting 
powder.  The  machine  cuttings  were  loaded  out  with  the  coal.  About  12  per  cent 
of  the  coal  was  shipped  as  run-of-mine.  The  tipple  was  equipped  with  a  shaking 
fXTocD  42  by  7  feet,  15  feet  having  1-inch  holes,  4  feet,  l}-inch  holes,  4  feet, 
2J-inch  holes,  4  feet,  5-inch  holes,  4  feet,  8-inch  holes,  and  a  {-inch  screen  for  slack. 
No  men  were  employed  on  the  cars  or  belts  to  pick  shale  from  the  coal.  The  lumps 
being  loaded  were  large  and  had  a  good  appearance.  There  were  four  loading  tracks 
with  a  capacity  of  75  empty  cars  and  75  loaded  cars.  Approximately  1,000  acres  of 
coal  remained  to  be  taken  out.  The  mine  was  expected  to  have  a  lifetime  of  50 
ycara;  future  tonnage  was  to  be  derived  almost  wholly  from  advance  workings.  The 
daily  output  was  750  tons,  with  a  maximum  day's  run  of  1,026  tons.  The  daily  ou4>ut 
was  to  l>e  increased  to  1,000  tons  or  more. 
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Meeteetse.    Dickie  No.  1  Prospect. 

Sample, — Subbituminous  coal;  Bighorn  Basiii  field;  analysis  No.  14679  (p.  137). 

Mine. — Dickie  No.  1;  a  prospect  drift  on  the  northwest  side  of  Grass  Creek  Basin, 
in  sec.  2,  T.  46  N.,  R.  99  W.,  18  miles  southeast  of  Meeteetse. 

Coal  bed. — ^No  name.  Cretaceous  age,  Grebo  formation  (Eagle  sandstone).  Dip, 
16°  N. 

The  bed  was  measured  and  sampled  by  D.  F.  Hewett,  August  23, 1912,  as  described 

below: 

Section  of  coal  bed  in  Dickie  No.  1  prospect. 


Laboratory  No 

Roof,  brown  shale. 

Coal 

Shale 

Coal 

Coal,  bony 

Coal 

Shale 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


14679 
Ft.   in. 


0 
0 
0 
0 
2 
0 
0 


4 


5 
2 
6 


4 


9 


4      0 
4      0 


The  sample  was  taken  from  the  east  rib  of  the  western  of  two  short  drifts  at  a  point 

25  feet  from  the  mouth.     As  the  mine  had  been  idle  since  1910,  the  coal  was 

weathered. 

Meeteetse.    Mayfield  No.  2  Prospect. 

Sample. — Subbituminous  coal;  Bighorn  Basin  field;  analysis  No.  14756  (p.  137). 

ifine.— Mayfield  No.  2.    A  prospect  2  miles  southwest  of  Grass  Creek  Basin,  in  E.  ) 

sec.  26,  T.  46  N.,  R.  99  W.,  19  miles  southeast  of  Meeteetse. 

Coal  bed. — No  name.    Tertiary  age.  Fort  Union  formation.    Dip  5**  SE. 

The  bed  was  measured  and  sampled  by  D.  F.  Hewett  on  August  24, 1912,  as  described 

below: 

Section  of  coal  bed  in  Mayfield  No.  2  prospect. 


Laboratory  No 

Roof,  gray  shale. 

Coal 

Coal,  bench  sampled  and  mined 
Floor,  sandstone. 

Thickness  of  bed 

Thickness  of  coal  sampled 


14756 
Ft.  in. 
a24     0 
6     0 

30     0 
6     0 


a  Not  included  in  sample. 

The  sample  was  taken  at  the  face  of  the  new  drift,  30  feet  from  the  mouth. 

Notes. — ^This  prcepect  was  opened  in  1911  on  the  west  side  of  a  ravine,  500  feet  south- 
west of  an  old  opening  on  the  east  side,  where  sample  No.  5770  was  collected  by 
E.  G.  Woodruff  in  1907. 

Only  the  lower  part  of  the  bed  was  mined.  The  mine  was  operated  only  inter- 
mittently, but  the  sample  represented  unweathered  coal. 


JOHNSON  COUNTY. 

Buffalo.    Prospect. 

i9amp2«.— rSubbituminouscoal;  Sussex  field  (Basin  No.  2);  analysis  No.  10683  (p.  137). 

Mine. — This  sample  was  taken  from  a  small  prospect  which  was  being  operated  by 
ranchers  in  sec.  17,  T.  47  N.,  R.  81  W.  The  mine  is  18  miles  southeast  of  Buffalo  and 
about  50  miles  south  of  R^;is.  which  is  the  nearest  station  on  the  Chicago,  Burlington 
&  Quincy  Railroad 


i 


-W> 


\9  OlAl. 


Twt  vrt  '^m 


?  IT"  Zjum. 


1"  .St. 


UL  ^11^7  3L  2HUL 


,i(«9!ft/)«t  '(/^  9Vfi  v«<  9C  ^n«p«r  ;:^  «ui3  airj 


If  ififijtA 


c  I  f 

«•     * 

.-I      , 


•  5K.t£  aefculwt  jx 


^  o^x.  s 


S^>i     &«&  5,    i 


S^- 


cif 


f,^MU4     y,ut^3i4i^      l*:r*.*xry  ii^.    Port  Vzwja  ^jrok^z^jiL,    Tiic 

ly^,  'foX  *^A  »**  «i«r,;,>4  b/  C  ff .  ^V^o^nxk^cx  *x.}  S.j  2>.  T^IO.  w  dmcribed 


7      f  g{*  -n'A  *^ 


•  SfA  \atiikVA  \n  nmjM, 


C  iect  3 


Ft.  m 

•  •  C 
3  7 

•  •  2 

•  2  • 

«  3 

3  7 


AfoU     i'AoX  bad  Us^fo  mlnM  at  thin  prtrnp^ri  to  sr/me  extent  for  local 

F/>f  ft  iUft^riiPium  (A  tim  f^tiftfgU:  relaticicu  of  thia  coal  bed,  see  U.  8.  GeoL  Sunney 

Mfimplf,  Hiihhhuminoxm  c/jal;  Humh;x  field  (Bamn  No.  4);  analyau  No.  1O0D4 
(|»    I:J7;, 

l^iw/.  ?rtmiHi4'i  in  nfK:.  36,  T.  43  N.,  R.  79  W.,  about  60  milea  north  of  Caaper,  which 
in  the  nifar<!at  ntation  on  the  (Tii^-ago  A  North  Weutera  Railway. 

Cftal  bed.  Unname^l.  Tertiary  age.  Fort  Union  formation.  Thickneas,  about  14 
fiiet.     It  WBtf  iatnpled  by  C.  11.  Wegemann,  Auguat  16, 1910,  aa  deacribed  below: 
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Section  of  ooa  bed  in  prospect^  dbout  60  miles  north  of  Casper. 


Laboratcry  No 

Roof,  not  stated. 

Shale 

Coal 

Shale 

Coal 

Coal,  bony 

Coal 

Shale 

Coal 

Shale 

Coal 

Coal,  bony , 

Coal 

Floor,  not  stated. 

Tnicknessofbed 

Thickness  of  ooal  sampled 


10804 

I 

Ft. 

in. 

aO 

6 

aO 

8 

Al 

2 

2 

5 

aO 

5 

1 

2 

aO 

6 

al 

1 

al 

0 

al 

2 

oO 

7 

•  2 

3 

12 

11 

3 

7 

a  Not  Induded  in  sample. 

For  a  description  of  the  geologic  relationfi  of  this  bed,  see  U.  S.  Geol.  Survey  Bull. 
471,  p.  462. 

Casper.    Puoosley  Mine. 

Sample. — Subbituminous  coal;  Sussex  field  (Basin  No.  4);  analysis  No.  10827  (p.  138). 

Mine. — Puggsley,  a  mine  in  sec.  20,  T.  42  N.,  R.  77  W.,  65  miles  north  of  Casper, 
which  is  tiie  nearest  station  on  the  Chicago  &  North  Western  Railway. 

Coal  bed. — ^Unnamed.  Tertiary  age,  Fort  Union  formation.  Thickness,  20  feet  5 
inches.  It  was  sampled  at  one  point  in  this  mine  by  Carroll  H.  Wegemann,  on  August 
26, 1910,  as  described  below: 

Section  of  coal  bed  in  Puggsley  mine. 


Laboratory  No . . : 

Roof,  not  stated. 

Coal 

Bone 

Coal 

Shale  and  coal ^ 

Coal 

Coal,  bony 

Coal 

Bone , 

Coal 

Shale 

Coal 

Floor,  not  stated. 

Tnicknessofbed 

ThJcknera  of  ooal  sampled 


•  Not  included  in  sample. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  471,  1912,  p.  461. 

Casper.    Pbospect. 


10827 

r 

Ft. 

in. 

aO 

10 

«0 

4 

a3 

0 

al 

10 

5 

0 

aO 

3 

aO 

8 

aO 

7 

04 

2 

aO 

3 

a3 

6 

20 

5 

5 

0 

Sample. — Subbituminous  coal;  Sussex  field;  analysis  No.  11059  (p.  138). 
Mine, — ^Prospect  in  sec.  32,  T.  41  N.,  R.  78  W.,  50  miles  north  of  Casper,  which  is  the 
nearest  station  on  the  Chicago  &  North  Western  Railway. 
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Coal  bed. — Unnamed .  Tertiary  age,  Fort  Union  (7)  f ormatiou.  Bed ,  3  feet  10  inches 
thick,  with  a  sandstone  cap  rock  12  feet  thick,  and  a  sandstone  floor.  The  coal  bed 
was  sampled  by  G.  J.  Hares  on  October  6,  1910,  as  described  below: 

Section  of  coal  bed  in  prospect,  50  miles  north  of  Casper. 


laboratory  No IIOSS 

Roof .  sandstone.  Ft.  to. 

Coal 2     2 

Bandatone «0     8 

Shale •!     0 

Floor  sandstone. 

Thickness  of  bed 3   10 

ThJcknesB  of  ooal  sampled "  2     2 

o  Not  Included  in  sample. 
Note. — ^The  ooal  had  been  mined  to  some  extent  for  local  use. 

Katcbe.    Abandoned  Mine. 

Sample. — Bituminous  coal;  Sussex  field  (Basin  No.  3);  analysis  No.  10694  (p.  138). 

Mine. — ^An  abandoned  mine  in  sec.  24,  T.  44  N.,  R.  81  W.,  6  miles  northeast  of 
Kaycee  and  about  50  miles  north  of  Bucknum.  which  is  the  nearest  station  on  the 
Chicago  A  North  Western  Railway. 

Coal  bed.—Viammed.    Cretaceous  age,  Fort  Union  formation. 

The  bed  was  sampled  at  one  point  in  the  mine  by  O.  B.  Hopkins.  The  sample  rp|>- 
resented  the  entire  face  section  of  the  coal  bed. 

For  a  description  of  the  geologic  relations  of  this  coal  bed  see  U.  S.  Geol.  Survey 
Bull.  471,  1912,  p.  459. 

NATBONA  COUNTY 

Casper.    Red  Ash  Mine. 

Sample. — Subbituminous  coal;  Wind  River  field;  analysis  No.  10671  (p.  138). 

Mine.^ned  Ash,  a  drift  mine  in  sec.  14,  T.  31  N.,  R.  82  W.,  Platte  River  district, 
about  25  miles  southwest  of  Casper,  which  is  the  nearest  station  on  the  Chicago  A  North 
Western  Railway. 

Coal  bed. — Not  named.  Cretaceous  age.  Fort  Union  formation.  Thickneas,  6  feet 
3  inches.  The  bed  is  overlain  with  4  inches  of  carbonaceous  shale  capped  by  sand- 
stone; floor,  carbonaceous  shale. 

The  bed  was  sampled  at  one  i>oint  in  the  mine  by  D.  E.  Winchester  on  July  9, 1910. 
The  sample  was  taken  at  the  face  of  the  second  and  last  room  off  the  main  entry,  about 
300  feet  from  the  mine  mouth. 

Note. — ^The  mine  had  been  worked  periodically  to  supply  local  use,  but  was  idle  at 
the  time  of  sampling. 

PABX  COUNTY. 

Cody.    McGuffey  Mine. 

Sample. — Subbituminous  coal;  Bighorn  Basin  field;  analysis  No.  12886  (p.  138). 

Mine. — ^McGu£fey;  a  slope  mine  on  the  north  side  of  Or^fon  Basin,  in  sec.  17,  T. 
52  N.,  R.  100  W.,  9  miles  southeast  of  Cody. 

Coal  bed. — ^Unnamed.  Cretaceous  age;  Gcbo  formation  (Ea^le  sandstone).  Dip, 
14**  NE. 

The  bed  was  measured  and  sampled  by  D.  F.  Hewett  on  August  18,  1911,  as  shown 
below: 
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Section  of  coal  bed  in  the  McGuffey  mine. 


Laboratory  No 

Roof,  blue  shale. 

Coal 

Coal,  high  in  pyrite 

Coal 

Shale 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  ooal  sampled . 


12886 
Ft.  in, 
0     5 


0 

0 

aO 

1 


1 

7 
5 

7 


3      1 

2      8 


a  Not  included  in  sample. 

The  sample  was  taken  from  the  east  rib  of  a  room  20  feet  above  entry  3,  at  a  point 
70  feet  east  of  the  slope.    The  coal  was  unweathered. 
Note, — ^The  mine  had  been  opened  in  1910  and  operated  throughout  the  year. 

Meetebtse.    Black  Diamond  Mine. 

Sample. — Subbituminous  coal;  Bighorn  Basin  field;  analysis  No.  12887  (p.  138). 

Mine. — Black  Diamond;  a  slope  mine  in  sec.  21,  T.  49  N.,  R.  100  W.,  4  miles  north 
of  Meeteetse. 

Coal  bed, — ^No  name.  Tertiary  age,  Fort  Union  formation.  Thickness,  42  inches; 
roof,  sandstone  overlain  with  shale;  floor,  shale;  dip,  18^  NE. 

The  bed  was  measured  and  sampled  by  D.  F.  Hewett  on  September  11,  1911.  The 
sample  represented  3}  feet  of  coal,  including  the  entire  bed. 

The  sample  was  taken  from  the  breast  of  a  room  30  feet  above  entry  6,  at  a  point 
200  feet  west  of  the  slope. 

Note. — ^This  is  the  same  mine  sampled  by  E.  G.  Woodruff  in  1907  (No.  5768).  Under 
No.  5768  the  location  is  incorrectly  given  as  sec.  28,  T.  49  N.,  R.  100  W.  The  mine 
was  operated  throughout  the  year. 

Meeteetse,    Greybull  or  Wilson  Mine. 

Sample. — Subbituminous  coal;  Bighorn  Basin  field;  analysis  No.  12888  (p.  138). 

Jfiiur.— Greybull  or  Wilson;  a  slope  mine  in  the  SE.  J  sec.  13,  T.  48  N.,  R.  101  W., 
3)  miles  southwest  of  Meeteetse  and  40  miles  south  of  Cody. 

Coal  bed. — No  name.  Cretaceous  age,  Gebo  formation  (Eagle  sandstone).  Dip, 
5**  NE.;  thickness,  5i  to  6  feet. 

The  bed  was  measured  and  sampled  by  D.  F.  Hewett  on  September  12,  1911,  as 

shown  below: 

Section  of  coal  bed  in  Greybull  or  Wilson  mine. 


Laboratonr  No 

Roof,  sandstone. 

Coal 

Shale 

Coal 

Shale 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  ooal  sampled . 


12888 

Ft. 

in. 

aO 

6 

oO 

3 

2 

1 

OO 

4 

2 

5 

5 

7 

4 

6 

o  Not  included  in  sample. 

The  sample  was  taken  from  the  face  of  a  room  200  feet  northwest  of  the  slope,  at 
a  point  400  feet  from  the  mine  mouth. 

Notes. — This  mine  lies  on  the  north  side  of  Greybull  River  and  adjoins  the  Erekine 
mine,  sampled  by  E.  G.  Woodruff  in  1907  (sample  No.  5769).  The  Erskine  mine 
and  the  Wilson  mine  operate  the  same  bed,  though  the  coal  sections  in  the  respective 
mines  differ  considerably.    The  mine  was  operated  throughout  the  year. 


Tr^  v^  *ai*  V0a^'jr^,  asuc  ca^i^v^c  --7  Ip  F,  &fw*rr.  la  Ainat  It  liH.  ak  h  ■  i. 

ljm0Wig^rf  ".s          ,      ,      ,          ,         3H6 

ibiW  ^/  ira?  «Ai«t  /t.  aft. 

^*.                                  - -  I     4 

' -A*    vm-T^                                       I      • 

'y.fc,                                                               ^                                                                    ,,,,                     ,,,,. Ill 

*,-*«^     ..     ,,, c|      2 

'-vVU                               .  1        1 

FVl^r    'rv»-  a'Jk*« 

?- ^ *,*,#-»  ^/ -.^       _, i      t 

'^WteMigMt ^ - - S      i 


h'AA.    T>*^  Ofjf^  Lid  h**?ii  i-il^  •ajiir*  DIO, 

WnjET,    Ejuvt  Wiunr  Mdtk. 


i^rVi/,  Va^  Uii^x  *  ^'p«  aiio«  cm  the  eaM  sd«  of  Orepon  Basin,  in  the  SE.  } 
m^',  10,  T  01  S,.  H.  \i^)  W,,  «  mi'^  east  of  Valley  and  14  mik«  aootlMMt  of  Cody. 

(^ffd  >M,  So  name,  Cr^lac^^'i*  a^.  Gebo  ^Eof^le  aandstoDe  forattdao.  Dip.  23^ 
K.     K//>f.  N^jtaiU;;  fUtf/r,  hrr/wn  ahaie  on  maaave  nndf«tone. 

Tli^  ^><9rl  waM  me^ivtjtA  zxA  mmpUA  by  D.  F.  Hevett  on  Aoguat  14, 1911,  m 

Hfrti/m  0/  rf/fd  }jed  in  En/d  WiJry  mine. 


\A}0i0^j0y  Hu 

f^iHi   :      I    « 


Mr.  li*  .,.,,   ,,.... 

OMi.  

'I  hu  itliPt%  lA  ti*^l 

7  tikkiMVM  of  cfjfti  MrapM 


•  0  5 

3  1 

4  0 
3  7 


«  Not  taciadtil  in  Mmple. 

T}i«f  mmple  wan  taken  frrmi  the  nriuih  rib  of  the  slope  at  a  point  180  feet  from  the 
nunjth.    The  r/^al  wait  unwealbered. 

NoUm.  -Tills  mim;  wan  sampled  by  E.  G.  Woodruff  in  1907  (sample  No.  57«2).  The 
•everal  l>en'-hfis  of  the  bed  vary  greatly  in  thickness  in  the  workings,  but  the  total 
thick nfMH  of  the  bed  is  nearly  uniform.    The  mine  was  operated  intermittently. 

WaET.    Weot  Wiley  (Thoicpson)  Mine. 

i9amp^. -^ubbituminous  coal;  Bighorn  Baoin  field;  analysis  No.  12883  (p.  139). 

Mine. — West  Wiley.  A  drift  mine  on  the  southwest  side  of  the  Oregon  Basin,  in 
•ec.  34,  T.  51  N. ,  R.  101 W.,  4  miles  southwest  of  Wiley  and  15  miles  southeast  of  Cody. 
Operated  intermittently. 
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Coal  bed. — No  name.    Cretaceous  age;  Gebo  (Eagle  sandstone)  formation.    Dip, 
28^  SW. 
The  bed  was  measured  and  sampled  by  D.  F.  Hewett,  June  30, 1911,  as  shown  below: 

Section  of  coal  bed  in  West  Wiley  mine. 


Laboratory  No 

Roof,  shale. 

Coal ,  bony 

Shale 

Coal,  bony 

Coal 

Shale - 

Coal 

Shale,  black,  soft 

Coal,  extremely  variable 

Floor,  sandstone. 

Thickness  of  bed 

Thickness  of  coal  sampled 

a  Not  included  in  sample. 


12883 
Ft.   in. 


oO 
oO 
aO 

1 
aO 

1 
aO 
oO 


0 
4 
4 

7 
3 

8 

4 
4 


6     7 
3     3 


The  sample  was  taken  from  the  face  of  a  room  300  feet  from  the  mouth  of  the  drift 
at  a  point  40  feet  below  the  surface.    The  coal  was  unweathered. 

Notes. — ^This  mine  was  sampled  by  E.  G.  Woodruff  in  1907  (sample  No.  5767),  but 
at  the  time  of  sampling  the  slope  had  been  abandoned  and  the  coal  was  mined  from  a 
drift.  The  several  benches  of  the  bed  vary  greatly  in  thickness  throughout  the 
workings,  the  total  thickness  varying  from  4  feet  4  inches  to  6  feet. 

8HEBIDAN  COXTNTY. 

Acme.    Acme  No.  1  Mine. 

Sample. — Subbituminous  coal,  Sheridan  field;  analyses  Nos.  10823,  10824,  10826, 
and  12687  (p.  139). 

Mine. — ^Acme  No.  1,  a  drift  mine  at  Acme,  in  the  SE.  J  sec.  13,  T.  57  N.,  R.  85  W., 
on  the  main  line  of  the  Chicago,  Burlington  &  Quincy  Railroad. 

Coal  bed. — Carney.  Tertiary  age,  Fort  Union  formation.  Average  thickness,  16 
feet;  dip,  1°  SE.;  roof,  soft  shale  or  soapstone;  floor,  shaly  clay,  fairly  hard. 

The  bed  was  measured  and  sampled  at  three  points  by  H.  M.  Wolflin,  on  August  29, 
1910,  and  at  one  point  by  0.  B.  Hopkins,  September  30,  1911,  as  described  below: 

Sections  of  coal  bed  in  Acme  No.  1  mine. 


Section. 

Laboratory  No 

Roof,  shale. 

Dirty  coal 

Soft  gray  shale 

CoaL 

Coal  and  shale 

Shale 

CoaL 

Gray  shale 

B(my  coal 

Bottom  coal,  clean 

Floor,  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled. 


A 
10823 
Ft.  in. 

B 
10824 
Ft.  in. 

C 

10826 

Ft.  in. 

aO    10 

al      0 

mm             mm 

aO      2 

o'o  16 

6     2 

a\     *6 

oO      4 

6    10 

•  •          •  • 

7      7J 
aQ     5 

a  7    "6 

7     0 
6      2 

8      2 
6    10 

17      i 
7      7} 

D 
12687 
Ft.  in. 


aA     0 


al 

8 

aO 


3 
0 
7 


a7     0 

20    10 
8      0 


a  Not  included  in  sample. 

Section  A  (sample  10823)  was  measured  on  the  pillar  of  room  9  off  east  entry  5,  off 
the  main  entry.    The  sample  was  from  the  bottom  coal. 

Section  B  (sample  10824)  was  measured  on  the  pillar  of  room  1,  off  west  entry  3, 
off  the  main  north  entry,  and  represented  bottom  coal. 
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Section  C  (sample  10826)  was  measured  on  the  pillar  near  the  £ace  of  west  entry  3, 
of!  the  main  north  entry;  it  represented  top  coal. 

The  point  of  measurement  of  sectkHi  D  was  not  recorded. 

Noie9, — ^The  room-and-pillar  system  of  mining  was  used.  At  the  time  of  sampling 
hlack  powder  was  used  for  breaking  the  coal  when  undercut  and  Ux  brushing  the 
top  and  taking  up  the  bottom.  None  of  the  coal  was  shipped  as  run-of-mine.  It  was 
all  passed  over  bar  screens  set  1},  3,  4,  and  5  inches  apart.  The  screenings  from 
the  bar  screens  passed  through  revolving  screens  with  openings  of  1  and  2  inches. 
The  coal  was  clean  and  free  from  rock  but  had  a  tendency  to  slack.  There  was  only 
one  loading  track,  with  a  capacity  of  30  cars.  The  output  of  the  mine  was  350  tons 
per  day. 

AcMB.    AcMB  No.  2  Mine. 

Sample. — Subbituminous  coal;  Sheridan  field;  analyses  Nos.  10807,  10808,  10809, 
10811,  and  12683  (p.  139). 

Mine. — ^Acme  No.  2,  a  drift  mine  at  Acme,  in  sec.  13,  T.  57  N.,  R.  85  W.,  on  the 
main  line  of  the  Chicago,  Burlington  &  Quincy  Railroad. 

Coal  hedB. — Carney  and  Masters.  Tertiary  age,  Fort  Union  formation.  Total  thick- 
ness of  Carney  bed,  8  feet;  thickness  of  workable  portion,  6  feet;  dip,  1^  southwest; 
thickness  of  Masters  bed,  7  to  9  feet.  Roof,  Carney  bed,  soft  shale  above  roof  coal; 
followed  by  soft  sandstone;  Masten  bed,  shale.  Floor,  Carney  bed,  black  shaly  clay; 
Mastere  bed,  shale. 

The  Carney  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  H.  M, 
Wolflin,  on  August  24, 1910,  as  described  below: 


Sections  of  Carney  hi 

id  in  Acme  No.  t  mine. 

gection 

A 

10607 

FU    in. 

*2  io 

1      4 

2    a 

6      4 
6      4 

• 

B 

10808 
FU    in, 

2     8 

1  4 

2  2 

6     2 
6     2 

C 

10N09 
Ft.    in, 

2     6* 

1  4 

2  3} 

6     14 
6      iJ 

• 

D 

Laboratorv  No 

10811 

Roof,  shale. 

Roof  coal 

FU    <». 

Clean  coal 

2      8 

Woody  coal 

1      2 

Clean  coaJ 

2      8| 

6  U 
6     6{ 

Floor,  Mack  shalv  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled 

Section  A  (sample  10807)  was  measured  at  the  face  of  room  13  off  south  entry  2  off 
wet^t  entry  3. 

Section  B  (sample  10808)  was  measured  at  the  face  of  south  entry  5  off  west  entry  3. 

Section  ('  (sample  10809)  was  measured  at  the  face  of  room  1  off  north  entry  1  off  west 
entry  5. 

Section  D  (sample  10811)  was  measured  on  a  pillar  of  west  entry  1. 

The  Masters  bed  was  measured  and  sampled  on  September  30,  1911,  by  O.  B. 
Hopkins,  as  described  below: 

Section  of  Masters  bed  in  Acme  No.  2  mine. 


Laboratory  No 

Roof,  shale. 

Coal 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


12683 

; 

Ft. 

Hi. 

al 

6 

7 

0 

8 

6 

7 

0 

o  Not  Included  in  sample. 

Sample  12683  was  taken  2,000  feet  northeast  of  the  mine  mouth. 
Notes. — The  coal  is  subbituminous  merging  into  lignite.    About  48  per  cent  of  the 
output  was  Bhip()ed  as  run-of-mine.    About  10  per  cent  was  disposed  of  as  screen- 
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ingB.   The  screening  plant  was  the  same  one  described  under  Acme  No.  1  mine.   The 

room-and-pillar  system  of  mining  was  used ;  60  per  cent  of  the  coal  was  produced  from 

advance  workings.    The  ultimate  recovery  was  expected  to  be  90  per  cent.    Black 

powder  was  used  for  breaking  down  the  coal,  brushing  the  top,  and  taking  up  the 

bottom. 

Cabnbyvills.    Cabnet  Mines. 

Samples. — Subbituminous  coal,  Sheridan  field;  analyses  Nos.  12684,  15677,  15678, 
15679, 15680, 15681,  15682,  15683, 15684, 15685,  and  15686  (pp.  140, 141). 

Mines. — Carney,  two  drift  mines  north  of  Came3rville,  in  sees.  16  and  17,  T.  57  N., 
R.  84  W.,  on  the  Chicago,  Burlington  &  Quincy  Railroad. 

Coal  bed. — Known  as  the  Carney.  Tertiary  age ;  Fort  Union  formation .  Thickness, 
fairly  uniform,  ranging  from  16  to  18  feet,  10  to  12  feet  of  which  is  mined.  Dip,  1^  to 
2^  S£.  The  coal  is  mined  to  a  clay  parting  1}  to  6  inches  thick;  in  some  places  it  is 
rather  soft  and  in  falling  becomes  mixed  with  the  coal.  Above  the  parting  is  4  to  4} 
feet  of  coal  of  good  grade;  it  makes  an  excellent  roof  and  no  timbering  is  required  in 
the  rooms  or  entries.  Above  this  roof  coal  there  is  1  foot  to  1  foot  2  inches  of  clay 
shale  which  falls  easily.  Floor,  rather  smooth,  soft  underclay.  In  places  a  streak  of 
bony  coal  2  to  6  inches  thick  appears  at  the  bottom  of  the  coal  bed  next  to  the  under- 
clay. Where  this  streak  was  present  the  undercutting  was  done  above  it.  The  cover 
ranges  from  200  to  225  feet. 

The  bed  was  measured  and  sampled  at  one  point  by  O.  B.  Hopkim«,  on  October  4, 
1911,  as  described  below: 

Section  of  coal  bed  in  Carney  mine. 


Laboratory  No 

Coal 

Shale 

Coal 

Thickness  of  bed , 

Thickness  of  coal  sampled . 


12684 

Ft. 

Hi. 

a6 

0 

al 

0 

10 

0 

16 

0 

10 

0 

a  Not  faiduded  in  sampie. 

The  section  (sample  12684)  was  measured  1,000  feet  northwest  of  the  mine  mouth. 

The  coal  bed  was  also  measured  and  sampled  at  four  points  in  No.  1  mine  and  five 
points  in  No.  2  mine  by  O.  U.  Bradley  on  January  1  to  9,  1913,  as  described  below: 

Section  A  (sample  15677)  was  measured  at  the  face  of  room  10,  off  north  entry  4,  off 
east  entry  2.    The  sample  represented  a  10-foot  6-inch  cut  of  coal. 

Section  B  (sample  15678)  was  measured  25  feet  in  room  9,  north  entry  2,  off  west 
entry  4.    The  sample  represented  an  11-foot  2-inch  cut  of  coal. 

Section  C  (sample  15679)  was  measured  at  the  face  of  the  main  entry.  The  sample 
represented  a  10-foot  10-inch  cut  of  coal. 

Section  D  (sample  15680)- was  measured  at  the  face  of  room  12,  off  north  entry  4,  off 
west  entry  3,  75  feet  from  north  entry  4.  The  sample  represented  a  10-foot  1-inch 
cut  of  coal. 

These  samples  were  from  No.  1  mine;  those  from  No.  2  mine  follow. 

Section  A  (sample  15681)  was  measured  at  the  face  of  room  5,  off  north  entry  2,  off 
west  entry  2.    The  sample  represented  an  11-foot  10-inch  cut  of  coal. 

Section  B  (sample  15682)  was  measured  85  feet  in  room  16  at  face,  off  north  entry  3, 
off  east  entry  1.    The  sample  represented  an  11-foot  1-inch  cut  of  coaL 

Section  C  (sample  15683)  was  measured  125  feet  in  room  15  at  face,  off  north  entry  2, 
off  east  entry  2.    The  sample  represented  an  10-foot  11-inch  cut  of  coal. 

Section  D  (sample  15684)  was  measured  at  the  face  of  the  main  north  entry.  The 
sample  represented  an  11-foot  7-inch  cut  of  coal. 

Section  E  (sample  15685)  was  measured  65  feet  in  room  9  at  face,  off  north  entry  4, 
off  west  entry  1.    The  sample  represented  a  10-foot  5-inch  cut  of  coal. 
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A  composite  sample  was  made  by  mixing  samples  15677, 15678, 15679, 15680, 15681, 
15682,  15683, 15684,  and  15685.  The  results  of  an  ultimate  analysis  of  this  sample  are 
given  under  laboratory  No.  15686. 

NoteB. — ^The  coal  was  mined  by  the  panel  method,  room-and-pillar  system.  At  the 
time  of  sampling  the  coal  was  undercut  by  chain  breast  machines  in  the  bottom  part 
of  the  bed  and  shot  down  with  black  powder.  One  wooden  tipple  was  in  constant  use 
at  the  mines  and  a  new  steel  tipple  had  been  built  as  a  reserve  when  heavy  orders  were 
received.  About  22  per  cent  of  the  coal  was  shipped  in  run-of-mine  form,  and  about 
68  per  cent  passed  through  the  screens.  The  wooden  tipple  had  bar  screens  7  feet  long, 
3}  feet  wide,  with  5}-inch  spaces;  shaker  screen,  7)  feet  by  8  feet,  with  holes  2)  inches 
in  diameter,  and  a  revolving  screen  28  feet  long  divided  into  two  sizes,  as  follows:  12 
feet  with  1-inch  holes  and  16  feet  with  ^inch  holes.  No  pickers  were  employed.  The 
tipple  was  rather  high,  and  the  coal  fell  such  a  distance  in  screening  that  an  unusually 
large  percentage  of  fine  coal  was  produced.  All  slack  coal,  which  at  times  included 
all  sizes  below  1}  inches,  was  loaded  direct  into  box  or  flat  cars,  hauled  out,  and 
dumped.  During  certain  months  of  the  year,  when  demand  for  the  fine  coal  was 
small,  this  waste  amoimted  to  2,000  to  3,000  tons  per  month.  The  loaded  lumps  were 
medium  large  and  had  a  good  appearance  on  the  cars.  Three  loading  tracks  were 
available,  with  a  capacity  of  160  loaded  and  160  empty  cars.  About  1,800  acres  re- 
mained to  be  mined.  Average  daily  output,  1,800  tons,  with  a  maximum  day's  run 
of  2,200  tons. 

DiBTz.    DiBTz  No.  4  Mike. 

Sample. — Subbituminous  coal;  Powder  River  field;  analyses  Nos.  16221,  16222, 
16223,  16224,  16225,  16226,  16227,  16228,  13498,  13499,  13537  (p.  141). 

Mine. — Dietz  No.  4,  a  slope  mine  in  sec.  34,  T.  57  N.,  R.  84  W.,  at  Dietz,  on  the  main 
line  of  the  Chicago,  Burlington  <&  Quincy  Railroad. 

Coal  bed. — Dietz  No.  2(?).  Tertiary  age.  Fort  Union  formation.  Average  thick- 
ness, 8  feet.  The  bed  is  practically  horizontal,  and  very  few  faults,  rolls,  or  hoise- 
backs  are  encountered.  Roof,  bony  coal  about  6  inches  thick,  overlain  by  gray 
shale.  The  floor  is  a  shaly  clay,  and  in  many  places  is  wet  and  soft,  and  particles  of 
it  mix  with  the  coal  in  loading.  The  cover  at  the  points  where  the  samples  were 
taken  varies  from  100  to  220  feet  in  thickness. 

The  coal  bed  was  measured  and  sampled  at  two  points  in  the  mine  by  H.  M.  Wolflin, 
January  12,  1912,  as  described  below: 

Sections  of  coal  bed  in  Dietz  No.  4  mine. 


Section 

Laboratory  No 

Roof,  coal  and  shale. 

Clean  coal 

Bony  coal 

Clean  coal 

Floor,  shaly  clay. 

Thickness  of  coal  mined . . 

Thickness  of  bed  sampled 


A 

. 

13498     1 

Ft. 

In. 

2 

10 

0 

1 

5 

«i 

8 
8 

3 

B 

13480 

Ft.  In. 

3  9 

0  3 

3  9 

7  8 

7  8 


Section  A  (sample  13498)  was  measured  at  the  face  of  room  3,  off  west  entry  4. 

Section  B  (sample  13499)  was  measured  at  the  face  of  room  1,  off  west  entry  12,  off 
the  main  north  entry. 

A  composite  sample  was  made  by  mixing  face  samples  13498  and  13499;  the 
results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  13537. 

The  bed  was  also  measured  and  sampled  at  seven  points  in  the  mine  by  O.  U.  Brad- 
ley,  January  31  to  February  3,  1913,  as  described  below: 
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Section  A  (sample  16221)  was  measured  at  the  face  of  room  &,  off  west  entry  6  off 
no|th  entry  6.  The  sample  represented  a  7}  foot  cut  of  coal,  the  thickness  of  the  coal 
mined. 

Section  B  (sample  16222)  was  measured  at  the  face  of  room  2,  off  west,  entry  12  off 
north  entry  4.  The  sample  represented  a  7-foot  7-inch  cut  of  coal,  the  thickness  of 
the  coal  mined. 

Section  C  (sample  16223)  was  measured  at  the  face  of  north  entry  4  off  west  entry 
4.    The  sample  represented  a  7i-foot  cut  of  coal,  the  thickness  of  the  coal  mined. 

Section  D  (sample  16224)  was  measiu^  at  the  face  of  room  10,  off  east  entry  5 
off  the  main  north  entry.  The  sample  represented  a  7-foot  5-inch  cut  of  coal,  the 
thickness  of  the  coal  mined. 

Section  £  (sample  16225)  was  measured  at  the  face  of  the  main  north  entry.  The 
sample  represented  a  7-foot  1-inch  cut  of  coal,  the  thickness  of  the  coal  mined. 

Section  F  (sample  16226)  was  measured  on  pillar  in  room  9,  off  east  entry  14.  The 
sample  represented  an  8-foot  7-inch  cut  of  coal,  the  thickness  of  the  coal  mined. 

Section  6  (sample  16227)  was  measiu^  at  the  face  of  main  entry,  150  feet  from 
opening.  The  sample  represented  a  6-foot  1-inch  cut  of  coal,  the  thiclaiess  of  the  coal 
mined. 

A  composite  sample  was  made  by  mixing  the  pillar  and  face  samples  16221  to  16227^ 
inclusive.  The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  labora- 
tory No.  16228. 

Noiu. — ^The  Dietz  No.  4  mine  is  opened  by  a  slope.  At  the  time  of  sampling  the 
coal  was  mined  by  the  double-entry  room-and-pillar  system.  Part  of  the  coal  was 
imdercut  by  hand  and  part  was  shot  off  the  solid.  Tlie  cuttings  from  mining  were 
loaded  with  the  coal.  The  coal  was  shot  down  with  black  blasting  powder.  The 
screening  plant  consisted  of  shaker  screens  as  follows:  Screen  6  by  8  feet  with  7-inch 
holes;  screens  2)  by  8  feet  with  2i-inch  holes,  3)  by  8  feet  with  2-inch  holes;  6  by  8 
feet  with  IJ-inch  holes;  and  25  by  8  feet  with  |-inch  holes.  None  of  the  coal  was 
shipped  in  run-of-mine  form.  No  pickers  were  employed.  The  lump  coal  had  a 
firm  and  fairly  clean  appearance  on  the  cars  and  was  medium  large.  The  coal  screen- 
ings were  fairly  clean  and  well  sized.  There  were  five  loading  tracks  with  a  capacity 
of  48  empty  cars  and  48  or  more  loaded  cars.  The  mine  had  a  probable  lifetime  of 
about  six  years;  the  tonnage  was  to  be  derived  from  both  advance  and  pillar  work. 
The  daily  output  of  the  mine  was  1,000  tons,  with  a  maximum  day's  run  of  1,500  tons; 
1,000  tons  was  about  the  capacity  of  the  plant. 

Kooi.    Hughe Y  Pbospbct. 

Sample. — Subbituminous  coal;  Sheridan  field;  analysis  No.  12642  (p.  141). 
Pto»p«Jt.— Hughey;  sec.  27,  T.  57  N.,  R.  85  W.,  \\  miles  south  of  Kooi. 
Ckxd  bed, — ^Monarch  ( ?).    Tertiary  age.  Fort  Union  formation.    Roof  and  floor,  shale. 
The  bed  was  measured  and  sampled  by  0.  B.  Hopkins  on  September  11, 1911.    The 
sample  represented  a  4-foot  cut  of  coal.  Hie  thickness  of  the  bed. 

Kooi.    Kooi  Mine. 

£lamp2e.— Subbituminous  coal;  Sheridan  field;  analyses  Nos.  10818,  10819,  10820, 
10821, 12641, 16060, 16061, 16062, 16063,  16064,  16065, 16066,  and  16067  (pp.  141, 142). 

Mine, — ^Kooi;  a  slope  mine  in  sec.  23,  T.  57  N.,  R.  85  W. ;  at  Kooi  on  a  branch  of  the 
Chicago,  Burlington  <&  Quincy  Railroad,  about  three-fourths  of  a  mile  from  the 
mainline. 

Oxd  bed, — Known  as  the  Monarch.  Average  thickness  of  the  coal  as  mined,  8  feet 
6  inches.  The  bed  dips  1^  S.  4^  £.  with  a  pronounced  east-and-west  cleat.  The  roof 
ifl  coal  of  variable  thickness;  above  the  roof  coal  is  a  thick  bed  of  alternate  coal  and 
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Section  6  (sample  16066)  was  measured  at  the  face  of  the  twelfth  west  entry,  185 
feet  from  main  slope. 

A  composite  sample  was  made  by  mixing  the  face  samples  16060  to  16066,  inclusive. 
The  results  of  an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No. 
16067. 

Notes, — ^The  Kooi  mine  is  opened  by  a  slope  3,550  feet  above  sea  level  and  is  worked 
by  the  room-and-pillar  panel  system.  At  the  time  of  sampling  the  coal  was  undercut 
by  puncher  and  electric  chain  breast  machines  and  broken  down  with  black  blasting 
powder.  The  machine  cuttings  were  loaded  with  the  coal.  The  screening  plant  con- 
siflted  of  shaking  screens  6  by  8  feet  with  6-inch  openings,  6  by  9  feet  with  2i-inch  open- 
ings, 6  by  7  feet  with  IJ-inch  openings,  and  6  by  7  feet  with  {-inch  openings.  Thirty 
per  cent  of  the  coal  passed  over  the  6-inch  screen.  The  lumps  on  the  car  were  large 
and  had  a  good  appearance.  There  were  five  loading  tracks  with  a  capacity  of  60 
empty  cars  and  60  loaded  cars.  Twenty-seven  per  cent  of  the  coal  was  shipped  in 
run-of-mine  form.  Estimated  probable  life  of  the  mine,  15  to  20  years.  The  esti- 
mated average  output  at  time  of  sampling  was  1,000  tons  a  day;  maximum  day's  run 

1,600  tons. 

Monarch.    Monarch  Minks. 

iSamp2«.— Subbituminous  coal;  Sheridan  field;  analyses  Nos.  12005,  12006,  12008, 
12685,  15830,  15831,  15832,  15833,  15834,  15835,  35836,  and  15837  (p.  143). 

Mines. — Monarch  and  New  Monarch,  drift  mines.  The  Monarch  is  at  Monarch  and 
the  New  Monarch  is  in  the  SE.  J  sec.  24,  T.  57  N.,  R.  85  W.,  west  of  Monarch,  with 
railroad  connections  to  the  main  line  of  the  Chicago,  Burlington  &  Quincy  RaUroad. 

Coal  bed, — ^Monarch.  Tertiary  age.  Fort  Union  formation.  Average  thickness,  30 
feet,  about  10  feet  of  which  is  mined.  The  bed  dips  slightly  to  the  southeast.  The 
upper  part  of  the  bed  consists  of  coal  mixed  with  bands  of  shale  which  are  nonpersist- 
ent;  mining  is  confined  to  the  lower  part.  Floor,  dark-gray  underclay  which  becomes 
very  soft  and  swells  when  wet.  The  Carney  bed  is  90  feet  below  the  Monarch.  The 
cover  at  the  points  where  samples  were  taken  ranges  from  40  to  300  feet. 

The  bed  was  measured  and  sampled  at  three  points  in  the  old  mine  by  H.  M.  Wolflin, 
on  March  29, 1911;  and  at  one  point  in  the  new  mine  by  0.  B.  Hopkins,  on  October 
4,  1911. 

Sections  of  coal  bed  in  Monarch  mines. 


Section 

Laboratory  No 

Roof,  shale. 

Coal 

Shale 

Coal 

Clean  brisht  coal 

Dull  hard  coal 

Clean  bright  coal 

Floor,  nnderclay. 

TnJcknen  of  coal  sampled 


A 

12006 
FU  Hl 


7    10 


7    10 


B  . 
12006 
FU    to. 


6 
0 
2 


4 
9 
1 


8     2 


C 

12006 

FU    in. 


8     2 


8     2 


D 
12685 
Fu  in. 
a6  0 
aZ  0 
a6  0 
10     0 


10    0 


o  Not  induded  in  sample. 

Section  A  (sample  12005)  was  measured  on  the  pillar  of  butt  entry  3,  off  west  entry  9, 
near  room  70. 

Section  B  (sample  12006)  was  measured  at  the  face  of  room  70,  near  west  entry  7. 

Section  C  (sample  12008)  was  measured  on  a  pillar  in  west  entry  9,  near  room  70. 

Section  D  (sample  12685)  was  measured  800  feet  southwest  of  the  mine  mouth. 

The  bed  was  also  measured  and  sampled  at  seven  points  in  the  new  mine  by 
O.  XJ.  Bradley  on  January  11  to  17,  1913,  as  described  below: 

Section  A  (sample  15830)  was  measured  at  the  face  of  east  entry  6,  250  feet  from 
main  haulage  slope.    The  sample  represented  a  9-foot  2-inch  cut  of  clean  coal. 

Section  B  (sample  15831)  was  measured  at  the  lace  of  west  entry  8. 


410  ANALYSES  OP  COAL. 

Section  C  (sample  15832)  was  measured  at  the  kce  of  weat  entry  13,  off  old  sbpe. 
The  sample  represented  an  8-foot  11-inch  cut  of  clean  coal. 

Section  D  (sample  15833)  was  measured  in  west  entry  4,  opposite  butts  5  and  6,  800 
feet  from  haulage  way.    The  sample  represented  a  10-foot  1-inch  cut  of  clean  coal. 

Section  £  (sample  15834)  was  measured  at  the  foce  of  room  8,  off  butt  entry  4,  off 
west  entry  4.    The  sample  represented  a  10-foot  4-inch  cut  of  clean  coal. 

Section  F  (sample  15835)  was  measured  on  a  pillar  between  rooms  24  and  25,  off  west 
entry  12.    The  sample  represented  a  9-foot  cut  of  clean  coal. 

Section  G  (sample  15836)  was  measured  on  a  pillar  between  rooms  5  and  6,  off  butt 
entry  2,  off  west  entry  3.    'Hie  sample  represented  a  9-foot  9-inch  cut  of  dean  coal. 

A  composite  sample  was  made  by  mixing  samples  15830  to  15836,  inclusive.  The 
results  of  an  ultimate  analysis  of  this  sample  are  giv^i  under  laboratory  No.  15837. 

Notei, — ^The  Monarch  mine  is  opened  by  a  drift  and  the  coal  is  mined  by  the  double- 
entry  room-and-pillar  panel  system.  At  the  time  of  sampling  the  coal  was  undercut 
by  electric  chain  coal-cutdng  machines  and  broken  down  with  FF  black  powder. 
Machine  cuttings  were  loaded  out  with  the  coaL  No  impurities  mixed  with  the  coal 
in  loading.  About  one-third  of  the  coal  was  shipped  as  run-of-mine  and  about  68 
per  cent  of  the  remainder  passed  through  the  screens.  The  tipple  was  equipped  with 
bar  screens,  one  12  feet  long  with  5-inch  openings,  one  12  feet  long  with  4-inch  open- 
ings, and  shaker  screens,  one  12  by  6  feet  with  2^  and  1}  inch  openings,  and  one  12 
feet  long  with  1-inch  openings.  No  pickers  were  employed  on  the  cars.  The  mine 
had  a  storage  biu  with  a  capacity  of  280  tons.  The  lumps  and  slack  appeared  fairly 
good  on  the  cars.  Eight  loading  tracks  were  available  with  a  capacity  of  100  empty 
and  100  loaded  cars.  Fifty  per  cent  of  the  coal  mined  was  from  advance  workings. 
The  mine  had  approximately  300  acres  unmined.    Average  daily  ouput,  1,600  tons. 

New  Acme.    New  Acme  Mine. 

S^amp^.—Subbituminous  coal;  Sheridan  field;  analyses  Nos.  16055,  16056,  16057, 
16058,  and  16059  (p.  143). 

ifine.— New  Acme,  a  drift  mine  in  sec.  22,  T.  57  N.,  R.  84  W.,  at  New  Acme,  on  a 
spur  of  the  Chicago,  Burlington  db  Quincy  Railway,  three-foiurths  of  a  mile  from  the 
main  line. 

Coal  bed, — Known  as  the  Monarch.  Tertiary  (Eocene)  age,  Fort  Union  formation. 
The  thickness  of  the  coal  bed  ranges  from  16  to  30  feet,  of  which  6^  to  10  feet  is  mined. 
Coal  was  left  for  roof  as  the  overlying  strata  was  weak.  Many  fires  originated  in  the 
roof  coal,  particularly  when  the  pillars  were  being  pulled.  Hhe  floor  was  coal  in  all 
places  examined  or  sampled.  The  floor  of  the  Monarch  seam  as  exposed  elsewhere 
is  composed  chiefly  of  dark  carbonaceous  shale  and  squeezes  and  swells  when  wet. 

There  is  about  50  to  100  feet  of  cover  at  the  points  where  the  samples  were  col- 
lected. 

The  coal  bed  was  measured  and  sampled  at  four  points  in  the  mine  on  January  20 
and  21,  1913,  by  O.  U.  Bradley,  as  described  below: 

Section  A  (sample  16055)  was  measured  at  the  £ace  of  west  entry  7,  150  feet  from 
the  main  slope.    The  sample  represented  a  6-foot  8-inch  cut  of  clean  coal. 

Section  B  (sample  16056)  was  measured  at  the  face  of  room  4,  off  east  entry  5. 
The  sample  represented  a  7-foot  2-inch  cut  of  clean  coal. 

Section  C  (sample  16057)  was  measured  at  the  ftice  of  room  13,  off  east  entry  3. 
The  sample  represented  a  7-f6ot  7-inch  cut  of  clean  coal. 

Section  D  (sample  16058)  was  measured  at  the  ^e  of  room  11,  off  east  entry  2. 
The  sample  represented  a  6-foot  9-inch  cut  of  clean  coal. 

A  composite  sample  was  made  by  mixing  samples  16056  to  16058,  inclusive.  The 
results  of  an  ultimate  analysis  of  this  sample  are  ^own  under  laboratory  No.  16059. 

Not€9. — The  New  Acme  mine  is  opened  by  a  drift.  The  coal  was  mined  by  the 
room-and-pillar  and  later  by  the  panel  system.    At  the  time  of  sampling  the  coal 
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was  undercut  by  electric  breast  machines  and  broken  down  with  black  powder. 
About  35  per  cent  of  the  coal  was  shipped  as  run-of'-mine,  70  per  cent  of  the  coal 
going  to  the  screen  passed  through.  The  screening  equipment  consisted  of  bars  4  by 
8  feet  with  5-inch  openings;  shaker  screens  8  by  12  feet,  the  diameter  of  holes  being 
1|,  2iy  4,  and  6  inches;  and  revolving  screens  24  feet  long  divided  into  sections  as 
follows:  8  feet  with  ^inch  holes,  8  feet  with  1-inch  holes,  4  feet  with  2^inch  holes,  and 
4  feet  with  Scinch  holes.  No  pickers  were  employed  on  the  cars.  The  mine  had  a 
storage  bin  of  500  tons  capacity.  The  lump  coal  on  the  cars  appeared  dull;  the  lumps 
were  small.  The  mine  had  three  loading  tracks  with  a  capacity  for  86  empty  cars  and 
86  loaded  cars.  A  runaround  for  switching  permitted  loading  while  cars  were  being 
shifted  or  loads  taken  out.  As  the  tipple  was  rather  high,  there  was  more  or  less 
breakage  in  the  handling  of  the  coal.  There  was  approximately  1,000  acres  to  be 
mined.  The  daily  output  averaged  about  1,000  tons,  with  a  maximum  day's  run 
of  1,420  tons.    The  estimated  life  of  the  mine  was  50  years. 

8WBBTWATBB  OOXTNTY. 

GuNN.    "B"  Mine. 

Sample. — Subbituminous  coal;  Rock  Springs  field;  analyses  Nos.  11507,  11508, 
11509,  and  11510  (p.  144). 

Mn«.--Gunn-Quealy  "B,"  a  slope  mine  in  sec.  8,  T.  19  N.,  R.  104  W.,  at  Gunn,  4 
miles  from  Baxter,  on  a  branch  line  from  the  Union  Pacific  Railroad. 

Coal  bed. — Locally  known  as  No.  11.  Cretaceous  age,  Mesaverde  formation.  Aver- 
age thickness,  6  feet  1  inch;  dip,  7}''  S.,  SO""  W.;  cleat  S.  70^^  E.  Roof,  shale,  about 
16  feet  thick;  floor,  shaly  sandstone;  cover,  at  points  where  samples  were  taken,  350  to 
360  feet  thick. 

The  bed  was  measured  and  sampled  at  three  pcnnts  in  the  mine  by  S.  S.  Smith  on 
December  22,  1910,  as  described  below: 

Section  A  (sample  11507)  was  measured  at  the  face  of  room  15,  off  entry  5.  The 
sample  represented  a  6-foot  2-inch  cut. 

Section  B  (sample  11508)  was  measured  at  the  face  of  room  25,  off  entry  4.  The 
sample  represented  a  6-foot  1-inch  cut. 

Section  C  (sample  11509)  was  measured  at  the  face  of  room  8,  off  entry  8.  The 
sample  represented  a  6-foot  2-inch  cut. 

Notes. — The  room-and-pillar  system  of  mining  was  employed.  At  the  time  of  sam- 
pling the  coal  was  undercut  with  electric  chain  cutters.  Black  powder  was  used 
for  breaking  down  the  coal  and  dynamite  for  brushing  the  roof.  About  30  per  cent 
of  the  coal  was  shipped  as  run-of-mine;  the  remainder  was  sized  by  shaking  and 
revolving  screens.  No  hand  picking  was  done.  There  were  four  loading  tracks  with 
capacity  for  100  cars. 

The  daily  production  was  1,000  tons,  80  per  cent  being  obtained  from  advance 
work.    About  375  acres  of  unmined  coal  was  tributary  to  this  slope. 

Superior.    B  Mine. 

Sample. — Bituminous  coal;  Rock  Springs  field;  analyses  Nos.  11461,  11462,  11463, 
and  11464  (p.  144). 

Mine.—B,  a  drift  mine  in  sec.  29,  T.  21  N.,  R.  102  W.,  2  miles  northeast  of  Superior, 
on  a  branch  of  the  Union  Pacific  Railroad  from  Thayer  Junction  and  only  a  few  miles 
north  of  the  main  line. 

Coal  bed.So.  1.  Cretaceous  age,  Mesaverde  formation.  Locally  known  as  No.  7 
of  the  Laramie.  Average  thickness,  6  feet  6  inches;  dip,  4^*^  NE.  The  roof  is  a 
smooth  black  shale  15  feet  thick  with  a  sandstone  cap  rock;  the  floor  is  a  hard  smooth 
shale;  the  covering  at  the  point  of  sampling  is  400  feet. 
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The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  S.  S.  Smith  on 
December  14,  1910,  as  described  below: 

Sections  of  coal  bed  in  the  B  mine. 


8«ctioiu 

Laboratory  No 

Roof,  shale. 

Coal 

Rock  parting 

CoaL.r: 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  ooal  sampled 


A 

B 

C 

11461 

11462 

11463 

Ft,   in. 

Ft,   in. 

Ft.    in. 

mm               mm 

1    1 

1    6 

7  2 

U 

U 

7  2 
7   2 

IW 

7  8| 

7  3} 

D 
11464 
Ft.  in. 


6    3) 

in 


Section  A  (sample  11461)  was  measured  at  the  face  of  room  27,  off  the  inside  dip 
entry. 

Section  B  (sample  11462)  was  measured  at  the  face  of  south  entry  2. 

Section  G  (sample  11463)  was  measured  at  the  face  of  room  20,  off  south  entry  3. 

Section  D  (sample  11464)  was  measured  at  the  face  of  room  11,  off  north  entry  3. 

Notes. — The  coal  is  mined  by  the  room-and-pillar  system.  At  the  time  of  sampling 
the  coal  was  undercut  with  electric  chain  cutters;  black  powder  and  a  permissible 
explosive  was  used  for  breaking  down  the  coal;  75  per  cent  of  the  coal  produced  was 
from  advance  workings;  daily  output  1,200  tons;  unmined  area  tributary  to  this  open- 
ing, 250  acres. 

Superior.    Superior  0  Mine. 

Sample. — Subbituminous  coal;  Rock  Springs  fidd;  analyses  Nos.  11456,  11457 
11458,  and  11459  (pp.  144,  145). 

Mine. — G,  a  slope  mine  in  sec.  21,  T.  21 N.,  R.  102  W.,  at  Superior,  on  a  branch  line 
of  the  Union  Pacific  Railroad  from  Thayer  Junction. 

Coal  bed. — ^Unnamed.  Cretaceous  age,  Mesaverde  formation,  known  locally  as  No.  1 
of  the  Laramie.  Average  thickness,  8  feet  6  inches;  dip  4^^  N£.  The  cleat  is  well 
defined  and  extends  east  and  west.  Roof,  black  shale  4  to  8  feet  thick,  above  which  is  a 
heavy  capping  of  sandstone;  floor,  hard,  smooth  shale.  The  cover  at  points  where 
samples  were  taken  is  about  250  feet. 

The  bed  was  measured  and  sampled  at  four  points  by  S.  S.  Smith  on  December  14^ 
1910,  as  described  below: 


Sections  of  coal  bed  in  the  Superior  C  mine. 


SeotioQ 

Laboratory  No 

Roof,  shale. 

CoaL 

Rock. 

Coal 

Floor,  shale. 

Tliioknees  of  bed 

Thickness  of  coal  sampled 


A 

B 

C 

11466 

11467 

11468 

Ft.   in. 

Ft.   in. 

Ft,   in. 

1    10 

3  8 

•  •   •  • 

«o  u 

•  0     If 

•  •   •  • 

6   8 

6  8 

6  7 

8   7i 

8  71 

6  7 

8  6 

8  6 

6  7 

D 
114S9 
Ft.  in. 

2     3 

6     3 

8     64 
8     6 


a  Not  included  in  sample. 

Section  A  (sample  11456)  was  measured  at  the  face  of  room  15,  off  south  entry  6. 

Section  B  (sample  11457)  was  measured  at  the  face  of  room  25,  off  south  entry  5. 

Section  0  (sample  11458)  was  measured  at  the  face  of  room  1,  off  north  entry  7. 

Section  D  (sample  11459)  was  measured  at  the  face  of  room  38,  off  south  entry  4. 

Notes. — ^The  mine  is  opened  by  a  slope  in  the  coal  bed  and  is  worked  by  the  room- 
and-pillar  system.  At  the  time  of  sampling  90  per  cent  of  the  coal  produced  was 
from  advance  work;  black  powder  and  a  permissible  explosive  were  used  for  break- 
ing the  coal  after  undercutting  by  electric  machines.  Daily  production  of  mine, 
1,300  to  1,400  tons;  unmined  area  tributary  to  this  opening,  1,200  acres. 


WYOMING:  UINTA  COUNTY. 
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Elkol.    Elkol  Mine. 

Sample. — ^Bituminous  coal;  Kemmerer  field;  analyses  Nos.  11730  and  11731  (p.  145). 

Mine. — Elkol,  a  slope  mine  in  sec.  11,  T.  20  N.,  R.  117  W.,  near  Elkol,  8  miles  south- 
west of  Diamondville  on  the  Oregon  Short  line  Railroad. 

Coal  bed. — Locally  known  as  No.  1.  Cretaceous  age,  Frontier  formation.  The  coal 
bed  is  51  feet  thick  and  at  the  points  where  the  samples  were  taken  is  1,600  feet  below 
the  surface.  The  coal  bed  was  sampled  at  2  points  in  the  mine  by  S.  S.  Smith  on 
February  9, 1911,  as  described  below: 

Sections  of  coal  bed  in  Elkol  mine. 


Section 

Laboratory  No 

Roof,  not  stated. 

Coal 

Coal,  soft  and  black 

Coal 

Floor,  not  stated. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

11730     1 

Ft. 

in. 

027 

6 

8 

6 

al5 

0 

51 

0 

8 

6 

B 
11731 
Ft.   in. 
o27     6 

8     6 
al5     0 

61     0 
8     6 


o  Not  included  in  sample. 

Section  A  (sample  11730)  was  measured  at  the  face  of  north  entry  3,  1,900  feet 
from  the  slope  mouth. 
-   Section  B  (sample  11731)  was  measured  at  the  face  of  room  1,  off  north  entry  3. 

Notes. — ^The  State  mine  inspector's  report  for  the  fiscal  year  ended  September  30, 
1910,  gives  the  total  production  for  that  year  as  50,000  tons,  which  was  8hipi)ed  to 
points  in  Utah,  Idaho,  Oregon,  Washington,  and  CaUfomia. 

Frontier.    Kemmerer  No.  1  Mine. 

Sample. — ^Bituminous  coal;  Kemmerer  field;  analyses  Nos.  11565,  11566,  11567, 
and  11568  (p.  1^5). 

Mine. — ^No.  1,  a  slope  mine  in  sec.  12,  T.  21  N.,  R.  116  W.,  at  Frontier,  on  a  branch 
of  the  Oregon  Short  Line  Railroad. 

Coal  bed. — Cretaceous  age,  Frontier  formation.  Locally  known  as  No.  1  of  the 
Laramie.  Average  thickness,  7  feet;  dip,  13®  west;  well-defined  cleat.  Roof,  draw 
slate,  3  feet  6  inches  thick,  which  stands  fairly  well,  overlain  by  shaly  sandstone;  floor, 
hard,  smooth  fire  clay.  Cover  at  points  where  samples  were  taken  varies  from  175  to 
400  feet. 

The  bed  was  measured  and  sampled  at  four  points  in  the  mine  by  S.  S.  Smith  on 
January  11,  1911,  as  described  below: 

Sections  of  coal  bed  in  the  Kemmerer  No.  1  mine. 


Section 

Laboratory  No 

Roof,  shale. 

Coal  (hard) 

Soft  rock  parting 

Coel(soft). 

Floor,  fire  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled 


A 

B 

C 

11565 

11566 

11567 

Ft.   in. 

Ft.  in. 

Ft.   in. 

3    7 

4    9 

1      6 

aO     i 

aO    4 

aO      6 

4    0 

3    4 

3    10 

8    4i 

8    5 

6    10 

8    4 

8    1 

6      4 

D 

11568 

Ft.   in, 

1     6 

aO    10 

3     8 

6     0 
5     2 


a  Not  included  in  sample. 
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Section  A  (sample  11665)  was  measured  at  the  face  of  room  16,  off  south  entry  13, 
and  400  feet  below  the  surface. 

Section  B  (sample  11566)  was  measured  on  the  pillar  of  room  18,  off  north  entry  10, 
and  240  feet  below  Uie  surface. 

Section  0  (sample  11567)  was  measured  at  the  face  of  room  3,  off  north  entry  7,  and 
175  feet  below  the  surface. 

Section  D  (sample  11568)  was  measured  on  the  pillar  of  room  62,  off  south  entry  7, 
and  200  feet  below  the  sui&tce. 

Notes. — ^The  mine  is  worked  by  the  room-and-pillar  system.  At  the  time  of  sam- 
pling the  coal  was  shot  from  the  solid  with  FFF  black  powder.  The  coal  was  shipped 
as  run-of-mine;  the  lumps  were  large  and  bright,  but  the  slack  was  dull.  Pickera 
sorted  out  inferior  coal  and  shale  as  the  coal  was  loaded  on  tJie  car.  There  were  5 
loading  tracks  with  capacity  for  150  cars.    The  daily  production  was  600  tons. 

For  analyses  and  descriptions  of  other  samples  of  coal  from  this  mine  see  Bull.  22, 
p.  1150. 

Kbmmbrbr.    Prospbct. 

Sample. — Subbituminous  coal;  Kemmerer  field,  analysis  No.  11740  (p.  145). 

Mine.— A  prospect  in  sec.  33,  T.  22  N.,  R.  116  W.,  2}  miles  north  of  the  Oregon  Short 
Line  Railroad  and  1}  miles  west  of  Kemmerer. 

Coal  bed. — Cretaceous  age.  Frontier  formation.  Thickness,  16  feet;  roof,  sandstone; 
floor,  fire  clay. 

The  bed  was  sampled  by  S.  S.  Smith  on  February  12, 1911,  at  the  face  of  the  fiist 
entry,  200  feet  from  the  mouth  of  the  slope.  The  vertical  depth  at  which  the  sample 
was  taken  was  150  feet. 

SusiB.    Kbioierbr  No.  4  Minb. 

Sample. — ^Bituminous  noncoking  coal;  analyses  Nos.  13517, 13518,  and  13519  (p.  145). 

Mine, — Kemmerer  No.  4,  a  slope  mine  at  Susie,  4  miles  north  of  Kemmerer,  <hi  a  spur 
of  the  Oregon  Short  Line  Railroad,  sees.  25  and  26,  T.  22  N.,  R.  116  W. 

Coal  bed. — ^Kemmerer  No.  1.  Cretaceous  age,  Frontier  formation.  Average  thick- 
ness, 3  feet  7  inches  to  5  feet  6  inches;  dip  19^  W. ;  no  faults  but  a  few  rolls  and  hone- 
backs;  cleat  runs  north  and  south.  Roof,  shale;  in  places  there  is  as  much  aa  3  feet  of 
"draw  slate,"  which  comes  down  with  the  coal.  The  floor  consists  of  a  hard  rougji 
shale.  Particles  of  the  roof  and  floor  did  not  get  mixed  with  the  coal  in  loading.  The 
thickness  of  the  cover  at  the  points  where  the  8a^^>les  were  taken  varies  from  700 
to  750  feet. 

The  coal  bed  was  measured  and  sampled  at  two  points  in  tbe  mine  by  J.  C.  Roberts 
on  January  23, 1912,  as  described  below: 

Sections  of  coal  bed  in  Kemmerer  No.  4  mine. 

BtCtiOBU 

Laboratory  No 

Roo(,8hale. 

Coal 

Clav  parting 

Floor,  shale. 

fhicknen  of  bed 

Thfoknen  of  sampled 

Section  A  (sample  13517)  was  measured  1,000  feet  from  mouth  of  slope. 

Section  B  (sample  13518)  was  measured  at  the  tace  of  the  second  north  entry,  1,900 
feet  from  mouth  of  slope. 

A  composite  sample  was  made  by  mixing  samples  13517  and  13518.  The  resaksof 
an  ultimate  analysis  of  this  sample  are  shown  under  laboratory  No.  13519. 
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Notes. — ^The  No.  4  mine  was  opened  by  a  slope  and  the  coal  was  mined  by  the  room- 
and-pillar  system .  The  coal  was  shot  off  the  solid  with  black  powdei .  Dynamite  was 
used  in  brushing  the  floor  and  roof.  The  screening  equipment  consisted  of  shalring 
screens  32  feet  long  and  6  feet  wide — 16  feet  with  3-inch  openings  and  16  feet  with 
J-inch  openings.  No  pickers  were  employed  on  the  cars.  There  were  five  loading 
tracks  with  a  capacity  of  30  empty  cars  and  20  loaded  cars.  The  average  daily  out- 
put was  500  tons  a  day  with  a  maximum  day's  run  of  700  tons;  all  of  the  coal  was 
shipped  as  nin-of-mine.  About  75  per  cent  of  the  coal  was  taken  from  advance 
workings. 

WESTON  COUNTY. 

Cambria.    Antelope  No.  3  and  No.  4  Mines. 

Sample. — Subbituminous  to  cannel  coal;  Black  Hills  region  (Wyoming  No.  2) 
analyses  Nos.  16412, 16413, 16414, 16415, 16428, 16429, 16430,  and  16431  (p.  146). 

Mine. — ^Antelope  No.  3  and  No.  4,  drift  mines  at  Cambria,  in  sees.  19  and  20,  T.  46  N., 
R.  61 W.,  at  end  of  the  spur  of  the  Chicago,  Burlington  &  Quincy  Railroad,  6}  miles 
from  Newcastle. 

Coal  bed.— Sot  named,  probably  a  local  bed.  Cretaceous  age,  Lakota  formation. 
Average  thickness,  5  feet,  varsring  from  2  feet  6  inches  to  8  feet.  Many  mud  and  sand 
pockets  occur  in  parts  of  the  mine.  Sandstone,  shale,  and  bony  coal  partings  appear 
in  the  coal  at  varying  intervals.  The  coal  itself  varies  greatly  in  character  from 
subbituminous  to  cannel  coal.  The  coal  bed  is  uneven ;  one  room  may  be  going  to  the 
dip  and  a  parallel  room  going  to  the  rise.  Roof,  a  black  sandy  shale  over  which  is  1  to 
2  feet  of  granular  sandstone  which  gives  considerable  trouble  if  not  closely  watched. 
Floor  is  rough  and  uneven;  small  metallic  concretions  and  large  hard  nodules  called 
'< nigger  heads  "  are  common.  It  is  for  the  most  part  hard  black  shale  and  sandstone. 
Particles  of  the  roof  and  bottom  did  not  mix  with  the  coal  in  loading.  The  thickness 
of  the  cover  at  the  points  where  the  samples  were  taken  varies  from  25  feet  to  225  feet. 

The  coal  bed  was  measured  and  sampled  at  six  points  in  the  mine  by  O.  U.  Bradley 
on  February  11  and  12, 1913,  as  described  below: 

Sections  of  coal  bed  in  the  Antelope  No.  S  and  No.  4  mines. 


Section 

Laboratory  No 

Roo(,  shale. 

Q)al 

Rock  or  rolint. 

Coal 

Rock 

Coal 

Floor,  black  shale  and  sandstone 

Tnicknessofbed 

Thickness  of  coal  sampled.. . 


A 

B 

C 

D 

E 

16412 

16413 

16414 

16428 

16429 

Ft.  in. 

Ft.  in. 

Ft.  in. 

Ft.  in. 

Ft.  in. 

•   m             •  • 

3  2 

2  3 

•  •    •  • 

1   0 

•  *      •  • 

oO  8 

al     9 

•  •    •  • 

aO  6 

0  8 

0  11 

1   4 

•  •    •  * 

1   0 

al     0 

aO   2 

ol  0 

•  •    •  • 

aO  3 

2   3 

1   2 

2  7 

53   9 

4   6 

3  11 

6   1 

8  11 

3  9 

7  3 

2  11 

6   8 

6   2 

3  9 

6  6 

F 
16430 
Ft.  in. 
2     1 
aO     6 


4    10 

7     6 
6    U 


a  Not  included  in  sanfple. 

5  Contains  two  streaks  of  bony  ooal  i  to  i  inch  thick,  which  is  loaded  with  the  ooaL 

Section  A  (sample  16412)  was  measured  at  the  face  of  east  entry  1,  No.  4  mine. 

Section  B  (sample  16413)* was  measured  at  the  face  of  north  entry  1,  off  east  entry 
1,  No.  4  mine. 

Section  0  (sample  16414)  was  measured  at  the  face  of  room  29,  off  east  entry  3, 
No.  4  mine. 

A  composite  sample  was  made  by  mixing  samples  16412,  16413,  and  16414.  The 
results  of  an  ultimate  analysb  of  this  sample  are  given  under  laboratory  No.  16415. 

Section  D  (sample  16428)  was  measured  at  the  face  of  room  35,  off  east  entry  5, 
No.  3  mine. 

Section  E  (sample  16429)  was  measured  at  the  face  of  west  entry  8,  No.  3  mine. 

Section  F  (sample  16430)  was  measured  at  the  face  of  west  entry  7,  No.  3  mine. 
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A  composite  sample  was  made  by  mixiiig  samples  16428, 16429,  and  16430.  The 
results  of  an  ultimate  analysis  of  the  sample  are  given  under  labozatcry  No.  16431. 

Note9. — ^The  coal  is  mined  by. the  room-and-pillar  system.  At  the  time  of  sam- 
pling the  coal  was  undercut  by  compressed-air  punching  machines  and  broken  down 
with  black  blasting  powder.  Dynamite  was  used  for  brushing  the  floor  and  roof. 
The  machine  cuttings  were  loaded  with  the  coal.  The  entire  output  of  the  mines 
was  run  through  a  rock  crusher  to  fecilitate  picking.  It  was  then  sized  and  resized 
and  loaded  into  cars.  The  Chicago,  Burlington  &  Quincy  Railroad  bought  the  entire 
output  for  steaming  purposes.  The  coal  bums  well,  especially  under  forced  draft, 
and  is  particularly  suited  to  railroad  work. 

MooBCBOFT.    Local  Minb. 

Sample. — Subbituminous  coal;  Upper  Belle  Fourche  Biver  field ;  analysis  No.  12446 
(p.  146). 

Mine. — ^Local  drift  mine,  12  miles  south  of  Moorcroft  and  of  the  Chicago,  Burlington 
&  Quincy  Railroad. 

Coal  bed. — ^Not  named,  a  local  bed. 

The  bed  was  measured  and  sampled  by  A.  W.  Stickney  on  July  17, 1911,  as  described 
below: 

Section  of  coal  bed  in  local  mine^  about  It  miles  eouth  of  Moorcroft. 
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a  Not  induded  In  sample. 
The  sample  was  taken  from  the  face  of  the  entry,  100  feet  from  the  entrance. 

MooRCBOFT.    Prospect. 

Sample. — Subbituminous  coal;  Upper  Belle  Fourche  River  field;  analysis  No.  12392 
(p.  146). 

Location. — Prospect  opened  by  sampler  about  12  miles  southwest  of  Moorcroft  and 
of  the  Burlington  Railroad,  in  the  SE.  i  sec.  29,  T.  48  N.,  R.  68  W. 

Coal  bed. — Local  lense  in  Lance  formation.  Tertiary  or  Cretaceous  age.  Thickness, 
2  feet  4  inches;  roof,  clay;  floor,  carbonaceous  shale. 

The  bed  was  measured  and  sampled  by  A.  W.  Stickney  on  June  27,  1911.  The 
sample  represented  a  2-foot  4-inch  cut  of  coal,  the  thickness  of  the  bed. 
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Thin  indrr  ctttt  ihr  innMr  nf  phimr  in  or  ncT^itiaA  T^fcefTTipW  oi  coil  mcntionied 
in  this  buUedn  v«pe  roHerted.  Ir  addmcBL  ii  ^vm  xbe  monafi  of  sbuit  ccmJ  b«d«, 
induding  uiaep  of  ^>ocdci^cBl  <<lgnifir«noc  ae  ^wD  aF  Mme  liat  ai^  smkIt  IcigiL  and 
the  namee  of  mo^  of  ibe  mxneR. 

Attention  is  caBed  to  ^e  Iks  ^m  snanr  bode  cpeMod  bj  latitpect  pitE).  cMUdiy 
banks,  or  even  nnnee,  eepmaHj  bade  in  T^  B^tdkr  Ifounain  province,  have  no 
names,  even  local  come.  McveoTV.  eoA  local  iiaii»  w  *^A/'  *  B/'  '*!/*  '*2/' 
"Upper/*  "Lower/'  baxe been  fnmpri  in  tbe  case  of  beds  tbai  bave  not  been  corre- 
lated with  other  bede  amOachr  i1iii|^iiBUirl  in  ibe  naae  State^  the  prnpoee  in  omitting 
such  names  being  to  vedvoe  the  lengdi  ol  tbe  indcK  and  to  aTtnd  the  confoakm  that 
would  resnlt  ham  applying  the  aaaie  deogottdcfn  to  difietent  beds.    Mines  that  in  the 

'Mine  Xo.  1."'  are  not  indnded,  for  the 


text  have  no  other  title  than  a  number,  as 
same  reasons. 

A-  Pace*  j 

AberDant,A]x.,coaiXfromiitm,wmifamid-..       li 

descr^tJOB  oL lao.ISl 

Abenuint  mine  (Ala.).   Sor  Abemmt,  Alt. 
Acme,  Wyo.,  ooal  from  nor,  analTsii  itf 119 

deacriptioa  vL 

Acme  No.  1  and  So.  2  mines  (Wjo.;. 

Acme,  Wyo. 
Acosta,  Pa.,  ooalfroBnev,  analysis  of «3,M 

desoiptfon^ 94,906 

A  damson,  Olda.,  coal  from  near,  amlyMi  rf. .       64 

description  oL. 
Albaquerqne,  N.  Hex. 

sis  or $7 

description  of. 

Alderson,  Okla.,  ooal  from  near,  analysis  ct. 

description  of. 

Alderson  No.  5  and  No.  38  mines  (OUa.). 

Alderson,  OUa. 
Algoma,  W.  Va.,  ooal  from  near,  analysis  of.  114, 115 

descriptioa  oL 3!V?,ZSA 

Allen  bed,  Colo.,  ooal  from,  analysb  of. 25 

description  oL 168,ia0 

AUJson  prospect  (Mont.),  ooal  from,  analy- 
sis of 65 

description  oL 2» 

Allport  mine  (Pa.),  ooal  from,  analysis  of —       ao 

description  of. 281-283 

Amor,  N.  Dak.,  coal  tram  near,  analysis  of...       50 

description  of. 242,243 

Amsteidam,  Mo.,  ooal  firam  near,  analysis  of..  42,43 

description  of. 208 

Amsterdam,  Ohio,  ooal  frvm  near,  analysis  of.       01 

description  of. 246,247 

Amsterdam  mine  (Ohio).   See  Amsterdam, 

Ohio. 
Anderson  bed,  Oreg.,  ooal  from,  analysis  of . .  86, 67 

description  of. 255,256,267 

sectionsof 256,257 

Anderson  mine  (Mo.),  ooal  from,  analysis  of. .       48 

description  of. 21«,218 


Ko.3 
sis  of 


eoal  frtna,  analysis  of 

HBTv  analysis  of. . 
(Vyo.),eaalfrnm,analy- 


101 


55 


140 

Of. 415,416 

Antrtope  Ng  4  mine  (Wyo.),  eoal  from,  analy- 

aisof 146 

description^ 415.416 

Antlvaeitc  No.  4  nine  (N.Mex.),ooal  fhxn, 

analysisof. 50 

description  of. 2t0 

Anttaradte  Rid^e,  Alaska,  eoal  from,  analy- 

abof 22 

dcscr^ition  of.......... 156,157 

Aafaford,  Wash.,  ooal  tnuL  near,  analysis  of. .     106 

description  of. 341 

Aatrape  mine  (Mont.),  ooallhim,  analysis  of..       56 

description  of. 232 

AveDa,  Pa.,  ooal  firam  near,  analysisof 97 

description  ot 311,312 

Avoca,  N.  Dak.,  ooal  from  near,  analysis  of. .       60 

d»atptionof. 244 

Axial,  Colo.,  ooallram  near,  analysis  of 33 

description  of 185,186 

B. 

B  l>ed.  Pa.,  ooal  from,  analysis  of 60 

71,72,73,74,75,76,78,79,80,81,82; 

83,  84,  85,  86,  87,  88,  89,  90,91,  95 

description  of.  263, 266, 267, 268, 360, 270,271, 

272, 273, 276, 277, 278, 279, 280, 282, 283, 

284,285,286,287,288,289,290,291,292, 

288,294,295,296,297,396,299,300,307 

0 263,286,267, 

368,360,270,271,273,276,278, 
279, 280, 283, 283, 284, 286, 286, 
287,288,280,290,391,292,294, 
996,296,397,298,290,300,307 

429 


INDEX. 


This  index  gives  the  names  of  places  at  or  near  which  the  samples  of  coal  mentioned 
in  this  bulletin  were  collected.  In  addition,  it  gives  the  names  of  many  coal  beds, 
including  names  of  geological  significance  as  well  as  some  that  are  merely  local,  and 
the  names  of  most  of  the  mines. 

Attention  is  called  to  the  fact  that  many  beds  opened  by  prospect  pits,  country 
banks,  or  even  mines,  especially  beds  in  the  Rocky  Mountain  province,  have  no 
names,  even  local  ones.  Moreover,  such  local  names  as  "A,**  "B,**  "1,"  "2," 
"Upper,"  "Lower,"  have  been  omitted  in  the  case  of  beds  that  have  not  been  corre- 
lated with  other  beds  similarly  designated  in  the  same  State,  the  purpose  in  omitting 
such  names  being  to  reduce  the  length  of  the  index  and  to  avoid  the  confusion  that 
would  result  from  applying  the  same  designation  to  different  beds.  Mines  that  in  the 
text  have  no  other  title  than  a  number,  as  "Mine  No.  1,"  are  not  included,  for  the 
same  reasons. 


A.  Page. 

Abernant,  Ala.,  coal  from  near,  analysis  of. . .       19 

description  of 150,151 

Abemant  mine  (Ala.)-    See  Abemant,  Ala. 
Acme,  Wyo.,  coal  from  near,  analysis  of 139 

description  of. 403,404,405 

Acme  No.  1  and  No.  2  mines  (Wyo.).    See 

Acme,  Wyo. 
Acosta,  Pa.,  coal  from  near,  analysis  of 93, 94 

description  of 304,305 

Adamson,  Okla.,  coal  from  near,  analjrsis  of. .       64 

description  of 252,253 

Albuquerque,  N.  Mex.,  coal  from  near,  analy- 
sis of 57 

description  of. 235 

Alderson,  Okla.,  coal  from  near,  analysis  of. .       65 

description  of. 253,254 

Alderson  No.  5  and  No.  38  mines  (Okla.).  See 

Alderson,  Okla. 
Algoma,  W.  Va.,  coal  from  near,  analjrsis  of.  114, 115 

description  of. 352,353 

Allen  bed,  Ck}lo.,  coal  from,  analjTsis  of. 25 

description  of 168,160 

Allison  prospect  (ICont.),  coal  from,  analy- 
sis of 55 

descript  ion  of 229 

Allport  mine  (Pa.),  coal  from,  analjrsis  of —       60 

description  of 281-263 

Amor,  N .  Dak. ,  coal  from  near,  analysis  of . . .       59 

description  of. 242,243 

Amsterdam,  Mo. ,  coal  from  near,  analjrsis  of. .  42, 43 

description  of. 209 

Amsterdam,  Ohio,  coal  from  near,  analysis  of.       61 

description  of. 246,247 

Amsterdam  mine  (Ohio).    See  Amsterdam, 

Ohio. 
Anderson  bed,  Oreg.,  coal  from,  analysis  of. .  66,67 

description  of. 255,256,267 

sectionsof 256,257 

Anderson  mine  (ICo.),  coal  from,  analysis  of. .       49 

description  of 218,219 


Page- 
Angel  bed,  Tenn.,  coal  from,  analysis  of 101 

description  of. 320 

Antelope,  ICont.,  coal  from  near,  analysis  of. .       55 

description  of. 230 

Antelope  No.  3  mine  (Wyo.),  coal  from,  analy- 
sis of 146 

description  of. 415,416 

Antelope  No.  4  mine  (Wyo.),  coal  from,  analy- 
sis of 146 

description  of 415,416 

Anthracite  No.  4  mine  (N.lCex.),coal  from, 

analysisof. 59 

description  of. 240 

Anthracite  Ridge,  Alaska,  coal  from,  analy- 
sis of 22 

description  of. 156,157 

Ashford,  Wash.,  coal  from  near,  analysis  of. .      108 

description  of 341 

Astrqpe  mine  (Mont.),  coal  from,  analsrsis  of..       56 

description  of. 232 

Avella,  Pa.,  coal  from  near,  analysisof 97 

description  of. 311,312 

Avoca,  N.  Dak.,  coal  from  near,  analysis  of. .       60 

description  of. 244 

Axial,  Colo.,  coal  from  near,  analysis  of 33 

description  of. 185,186 

B. 

6  bed.  Pa.,  coal  from,  analjTsis  of 69 

71, 72, 73, 74, 75, 76, 78, 79, 80, 81 ,  82,' 

83,  84,  85,  86,  87,  88,  89,  90, 91,  95 

description  of.  263, 266, 267, 268, 289, 270,271, 

272, 273, 276, 277, 278, 279, 280, 282, 283, 

284, 285, 286, 287, 288, 289, 290, 291, 292, 

293, 294, 295, 296, 297, 298, 299, 300, 307 

sections  o 283,286,267, 

288, 269, 270, 271, 273, 276, 278, 
279, 280, 282, 283, 284, 285, 286, 
287, 288, 289, 290, 291, 292, 294, 
296, 296, 297, 298, 299, 300, 307 
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dMCfiptkMi  of aJ7 
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dMcrlpikmof 247 

B«r11n,  F*.,ooolfirDnooor,flul7sifof. M 

4fl«srfptloa  of »6 

It«rwln4  \M,  CtAa.,  ood  IftHO,  aulTsif  of. . .  29,32 

deMHptlooof m,179,l»,184 

•ectloniof 178,l« 

B«vtor  bed,  K«if.,ooslfiroai,  ftoalyfifof.....  18,30 

d«tCf1ptloa  of 202,200 

Dovlor  bod,  Mo.,  cooi  from,  soAlytli  of tf.fiO 

dMCHptloo  of. 207.711,212,219,220 

Bovtir  Biliio(Kr.),cooi  from,  siiAlyfifof 40 

dMoHptlooof 206,200 

Blgbod,  AU.,ooftlfrom,sii«l3rtitof 17 

dfltoriptloo  of 147 

MOtkmiof 147 

Blc  B«nd  No.  1  mine  ( Pft.),  omU  Crom,  analy- 

•ifof 82 

dMOflptloQ  of . . , 
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(GriA.)tt.  rWy»J  19 
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of 

ligr  Ko.  4  wOmt  (W.  Va.), 

■Mijiiiof 

dflHrfptloaof 

BoImi-DhbiO  No.  4  mlH  (Okla.),  toA 
aiulftkct 

dCKfiptiOB  of. 

BoOlDff  mino  {VA.),eaoIftQm,aHlrriiof...      107 

(teKfiptioB  of 9S 

Bovfey  Colo.,  flMl  frofli  imr,  caoljiit  of. . . . .       M 

dmoiptioaof l«4,Mi 

Braxton,  W.  Vs.,  ootl  from  near,  analyik  ot     110 

dflKiipdooof 144 

Braxton    mlDe   (W.   Va.).    8te   BraztoB, 

W.Va. 
BrioerlUe,  Tarn.,  ooal  fraoi  nar,  analyrii  of.     101 

dmcriptloD  of. 310 

Brflllaot,Ohio,ooall^om]mr,anil7sifof...       02 

dcocrlption  of 248 

Brifbin,  Pa.,  coal  from  netr,  analTiis  of 8S 

dMcr^rtioQof 280,290 

BrokflDAntm  bed,  Ala.,  coal  from,  aaaijik  of      18 

deocriptloiiof 150 

•eetiooof 150 

Brookfleld,  ICo.,  coal  from  near,  aiMljsis  of. .  48,40 

defcriptkm  of 217 

Brown  mine  (W.  Va.),  coal  from,  analyali 

of lis 

doKrtptkmof 350,351 

Brown  No.  1  mine  (ICo.),  coal  from, analysis  of      61 

description  of 221 

Brown  Bear  mine  (Idaho),  ooal  from,  analysli 

of 36 

description  of 196,196 
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Page. 
Browning,  Mont. ,  coal  from  near,  analysis  of.       55 

descriptkmof 229 

Browning  mine  (Utah),  coal  from,  analysis  of.      104 

description  of 326 

Bmoeton,  Pa.,  coal  from  near,  analysis  of 67 

description  of 257,268 

Bmegger  mine, coal  from, anal3r8is of (Mont.)  66, 

(N.  Dak.)  60 

description  of. .  (Mont.)  231,  (N.  Dak.)  244 
Bnchannon  prospect  (Wash.),  coal  from,  anal- 
ysis of 107 

description  of 337 

Bucher  mine  (Pa.),  coal  Crom,  analysis  of 86 

description  of 290,291 

Buflialo,  S.  Dak.,  coal  fh>m  near,  analysis  of. .     100 

descriptkmof 316,317 

Bofblo  mine  (W.Va.),  coal  fh>m,  analysis  of.      114 

description  of 361 

Bollalo,  Wyo.,  coal  from  near,  analysis  of —      137 

description  of 397,398 

Busby  No.  6  mine  (Okla.),  coal  from,  analysis 

of 65,66 

description  of 264,255 

Butterfield  min&(Mont.),  coal  from,  analjrsis 

of 56 

descriptkmof 231 

C. 

C  bed.  Pa.,  coal  firom,  analysis  of 75,77,87,88 

descHpttonof 272,275,292,293 

sectfonsof 292,293 

Cbed,  Pa.,  coal  fh>m,  analysis  of 77,79 

80,93,94,95,96,97 

descriptfon  of - 276,277 

278, 279, 304, 306, 306, 307, 808, 309, 310, 311 

sectfonsof 272,276 

277, 278, 279, 293, 304, 306, 310, 311 
Cabbage  Run  mine  (Ohk>),  coal  th>m,  analysis 

of 62 

descrlptfon  of 249 

Gainesville,  Mo. ,  coal  Crom  near,  analysis  of. .       46 

description  of 212,213 

Cainesyille  bed.  Mo.    See  Gainesville,  Md. 
Gainesville  mine  (Mo.).    5m  Gainesville,  Mo. 

Calhan,  Colo.,  coal  fh>m  near,  analysis  of 24 

descriptton  of 165 

Calhoun,  Mo.,  coal  from  near,  analysis  of 46 

descriptton  of 213 

Cambria,  Wyo.,  coal  from  near,  analysis  of. . .      146 

descriptton  of 415,416 

Cambria  No.  3  mine  (Pa.),  coal  from,  analysis 

of 68,69 

descriptfon  of 260,261 

Cameron  mine  (Mont.),  coal  firom,  analysis  of.       64 

descriptkmof 225,226 

C^antine  No.  3  mine  (111.),  coal  firom,  analjrsis 

of 36 

descriptk>n  of 196,197 

Caperton,  W.  Va.,  coal  from  near,  analysis  of.      Ill 

descriptfon  of 346,346 

Carbon  HUl  mine  ( Va. ),  coal  from,  analysis  of.     106 

descriptkmof 333,334 

Carbon  Mountain,  Alaska,  coal  from,  analysis 

of 19 

desoriptkmof 163 


Page. 

Carney  bed,  Wyo.,  coal  fhmi,  analysis  of 139, 

140,141,142 

descriptk>nof 408,404,405,406 

sectfonsof 403,404,405 

Carney  mines  (Wyo.),  coal  fh>m,  analjrsis  of  140, 141 

descriptkmof 405,406 

Camejrville,  Wyo.    See  Carney  mines. 
(^arroUtown  Road,  Pa.,  coal  firom  near,  analysis 

of 73 

descriptk>n  of 268,260 

(^trscm  No.  1  mine  (Mo.),  coal  from,  analysis  of       60 

description  of 219 

Carter  bed,  Oreg.,  coal  from,  analysis  of. 66 

description  of. 256 

sectionof 256 

(Jasper,  Wyo.,  coal  form  near,  analysis  of. . . .  137, 138 

descriptkmof. 398,399,400 

(Jasper  mine  (Utah),  coal  from,  analysis  of 104 

description  of 327 

Catsburg  mine  (Pa.),  coal  from,  analysis  of. . .  98, 99 

descriptfon  of. 313,314 

Central  City,  Ky.,  coal  from  near,  analysis  of. .       40 

descriptkmof 205 

Central  mine  (Ky.),  coal  from,  analysisof. 40 

descriptkm  of. 205 

Chandler,  Colo.,  coal  from  near,  analysis  of....  24,25 

description  of. 167 

Chandler  mine  (Colo.).    See  Chandler,  Colo. 
Chickaloon  Greek,  Alaska,  coal  from  near, 

analysisof. 22,23 

descriptkmof. 167,168 

Chlgnik  Bay,  Alaska,  coal  from  near,  analysis 

of 19 

descriptkmof. 151 

Cincinnati  mine  (Pa.),  coal  from,  analysis  of..       96 

descriptkm  of. 313 

Cirrus  No.  2  mine  (W.  Va.),  coal  from,  anal- 
ysis of 116 

description  of. 363, 364 

CJlear  Creek,  Alaska,  coal  from  near,  analysis 

of 20 

descr^tkmof. 163 

branch  of,  coal  from  near,  analysis  of. 19 

description  of. 163 

(3eaton,Ky.,  coal  from  near,  analysis  of 40 

description  of 205,206 

(Heveland,  Mont.,  coal  from  near,  analysis  of..       52 

description  of. 221, 222 

(Hinton,  Mo.,  coal  from  near,  analysis  of. 46, 47 

description  of. 214,216 

Clintwood,  Va.,  coal  from  near.    See  Cllnt- 
wood  bed,  Va. 

(Hintwood  bed,  Va.,  coal  from,  analysis  of 105 

descr^tkmof. 332,333 

sections  of 332, 333 

Clymer,  Pa.,  coal  from  near,  analysis  of 91 

description  of. 299, 300 

Coal  Branch  mine  (Ala. ).    See  Goal  City  bed. 
Coal  City,  Ala.    5ee  Coal  City  bed. 

Coal  Gi^  bed,  Ala.,  coal  from,  analjrsis  of 18 

description  of. 149 

sectionof 149 

Coal  Creek,  Alaska,  coal  from  near,  analysis 

of 23 

descriptkmof. 158,169 
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Coal  Creek  bed,  Tflon.,  coal  from,  analysis  of..     101 

descriptioD  of. 819 

sections  of 819 

Coaldftle,  Nev .,  coal  from  near,  analysis  of . . . .       67 

description  of 234,236 

Coalmont,  Colo.,  ooal  from  near,  analjrsis  of. .       26 

description  of. 171,172 

Coal  Ridge  mme  (Mont.),  coal  from,  analysis 

of 66 

description  of. 233 

Coalville,  Utah,  coal  from,  analysis  of. 106 

description  of 829, 330 

Cody,  Wyo.,  coal  from  near,  analjrsis  of 138 

description  of. 400,401 

Cokedale,  Colo.,  coal  from  near,  analysis  of . . .       28 

description  of. 176 

Cokedale  mine  (Colo.).  <8e«  Cokedale,  Colo. 
Colliers,  W.  Va.,  coal  from  near,  analysis  of. . . .     Ill 

description  of 344,846 

Colliery  No.  14  mine  (Pa.),  coal  from,  analy> 

sis  of 98 

description  of. 808 

Collinsville,  HI.,  ooal  ihmi  near,  analysis  of. .       36 

description  of. 196. 197 

CoUom  mines  (Colo.) ,  ooal  ftom,  analysis  of .       83 

description  of 186,186 

Colorado  No.  6  mine  (Pa.),  ooal  fh»n,  analysis 

of 88,89 

description  of 293,294 

Columbia,  Mo.,  ooal  tiom  near,  analysis  of . . .  44, 45 

description  of. 211,212 

Colver,  Pa.,  ooal  firom  near,  analysis  of. 73,74 

description  of 260,270 

Colver  mine  (Pa.).    See  Ckdver,  Pa. 
Commercial  No.  3  mine  (Pa.),  ooal  fhun, 

analysisof 83 

deseriptkmof 284 

Conmiereial  No.  4  mine  (Pa.),  ooal  from, 

analysisof 83 

description  of 284,285 

Commercial  No.  6  mine  (Pa.),  ooal  from, 

analysisof 84 

description  of 285,286 

Confluence,  Pa.,  coal  from  near,  analysis  of. .       94 

description  of 306 

Consolidation  No.  204  mine  (Ky.),  ooal  firom, 

analysisof 39 

description  of 204 

Consolidation  No.  112  mine  (Pa.),  ooal  firom, 

analysisof 96 

description  of 808 

Consolidation  No.  113  mine  (Pa.),  ooal  fhmi, 

analysisof 96 

description  of 300,310 

Cook  mine  (Mont.),  ooal  ftom,  analysis  of 52 

description  of. 221,222 

Cook  A  White  bed,  N.  Mex.,  ooal  fhmi,  anal- 
ysis of 66 

description  of 241 

section  of 241 

Comrike  mine  (Ckdo.),  coal  from,  analysis 

of 85 

description  of 192,193 

Coronet  No.  3  mine  (Pa.),  ooal  from,  analysis 

of 94 

desortptionof 306 


Cortes,  (kik>.,  ooal  firom  near,  analysis  of 33,34 

descriptlanof 187,188,189,190 

Cortes  mine  (Colo.),  coal  fhxm,  analysis  of....       33 

description  of 187 

Cox  mine  (Colo.),  ooal  from,  analysis  of 28,29 

description  of 177,178 

(}ralg,  Colo.,  ooal  from  near,  analysis  of. 83 

description  of. 186,187 

CSralg,  Okla.,  ooal  firom  near,  analysis  of 66 

description  of 254 

dandall  No.  1  mine  (Mo.),  coal  firom,  analysis 

of 48 

description  of. 217 

CaoiB  Creek  No.  1  mine  (W.  Va.),  ooal  from, 

analysisof 124 

description  of 372,373 

Oane  Creek  No.  2  mine  (W.  Va.),  coal  firom, 

analysisof 124,126 

description  of 372,373 

Creighton,  Pa.,  ooal  from  near,  analysis  of . . .       68 

description  of. 259,200 

Crosby,  Wyo. ,  ooal  firom  near,  analysis  of 134, 

135,136 

description  of 394,306 

Cross  Mountain  No.  1  mine  (Tenn.),  ooal  firom, 

analysisof lOi 

description  of. 319 

Crystal,  W.  Va.,  ooal  firom  n^ar,  analysis  of. .     123 

descriptlanof 308 

Cnlbtrtson,  Mont,  ooal  firom  near,  analysis  of.       56 

descriptlanof. 231,232 

Cummings  mine  (Utah),  ooal  firom,  analysis 

of. 105 

description  of 332 

Cmmingham  claims   (Alaska),   coal   lh>m, 

analysisof 19,20,21 

description  of. 151, 152, 153, 155, 166 

(Xit  Bank,  Mont,  ooal  fhxm  near,  analysis  of.       65 

description  of 

Cymbria  mine  (Pa.),  ooal  from,  analysis  of. . 

description  of 

Cymbria  No.  1  mine  (Pa.),  ooal  from,  analysis 

of. 70 

deseriptkmof. 263,264 

C3rmbria  No.  2§  mine  (Pa.),  coal  ftom,  analy- 
sis of 70,71 

descriptlanof 266 

D. 

D  bed.  Pa.,  ooal  from,  analysis  of 68^ 

60,70,71,76,77,81,89,93,95 

description  of 250, 

260, 261, 262, 263, 264, 265, 266, 2^,  724, 
275,280,281,282,294,295,302,303,306 

sections  of 259,262, 

264,265,274,281,294.302,303.306 

Dante,  Va.,  coal  firom  near,  analysis  of 106 

descriptlanof. 334,335 

Darms  mine  (Ner.),  ooal  firom,  analysis  of . . .       57 

descriptlanof 234,236 

Davy  bed,  W.  Va.,  ooal  firom,  analjrris  of 117 

description  of 358,353 

sections  of 360 

Davy-Pocahontaa  No.  1  mine  (W.  Va.),  ooal 

fkom,  analyrfs  of. 117 

desolptiooot 358,389 
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Dayy-PocahoBtas  No.  2  mine  (W.  Va.),  coal 

from  f  analysis  of 117 

description  of. 358,350 

Dawson,  N.  Mex. ,  ooal  from  near,  analjrais  of . .       57 

description  of 235, 236 

Dawson  No.  2  mine  (N.  Hex.).  See  Dawson, 

N.  Mex. 
Dayton,  Tenn.,  coal  ftom  near,  analysis  of. . .      102 

description  of. 322,323 

Deepwater,  Mo.,  coal  from  near,  analysis  of. .       47 

description  of. 215,216 

Delagua,  Colo.,  ooal  from  near,  analysis  of . . .       28 

description  of. 177 

Delagua  mine  (Colo.).   See  Delagua,  Colo. 
Dempsey  mine  (Mont. ),  coal  from,  analysis  of.       56 

description  of. 231 

Diamood  mine  (Wyo.),  ooal  from,  analysis  of.      132 

description  of. 387,388 

Dickey  No.  1  pit  (Mo. ),  coal  from,  analysis  of.       47 

description  of. 215,216 

Dickie  No.  1  prospect  (Wyo.),  coal  from,  an- 
alysis of 137 

description  of 397 

Diets,  Wyo.,  ooal  from  near,  analysis  of 141 

deacriptian  of. 406,407 

Dietx  No.  4  mine  (Wyo.).    See  Diets,  Wyo. 
Dolorte,  Colo.,  coal  from  near,  analysis  of 35 

description  of 190,191 

Domlngues,  Colo.,  coal  from  near,  analysis  of.       24 

description  of. 165 

Dorrance  mine  (Pa.),  coal  from,  analysis  of. .       93 

description  of 304 

Douglas,  Wyo.,  coal  from  near,  analysis  of. . .      132 

description  of 387 

Dugger,  Ind.,  coal  from  near,  analysis  of 37 

description  of. 199,200 

Dnggins  bed,  Utah,  coal  from,  analysis  of....      104 

description  of. 329 

section  of 329 

Dunlo,  Pa.,  coal  from  near,  analysis  of. 74, 75 

description  of 270,271 

Dunloop,  W.  Va.,  coal  from  near,  analysis  of.     Ill 

description  of. 346,347 

Dunn  Loop  No.  2  mine  (W.  Va.).    See  Dun- 
loop,  W.  Va. 
Dunmore,  Pa.,  coal  bom  near,  analysis  of. . . .       93 

description  of. 803 

Dunmore  No.  2  bed.  Pa.    Su  Dunmore,  Pa. 
Durango,  Colo.,  coal  from  near,  analysis  of. . .       27 

description  of. 174 

Durkin  prospect  (N.  Dak.),  coal  from,  analy- 
sis of 60 

description  of 242,243 

E. 

E  bed ,  Pa. ,  coal  from ,  analysts  of 68, 

69,70,71,86,92,93,94,99 

description  of 259,260,261, 

262, 263, 264, 265, 290, 300, 301, 302, 306, 315 

sections  of 259,261,262,265,290,301,306,315 

Eagle  mine,  coal  from,  analysis  of (Pa.)»  95; 

(Wyo.),  139 

description  of. (Pa.),  306;  (Wyo.),  402 

Eastern  Ohio  mine  (Ohio),coal  from, analysis 

of 61 

description  of. 246,247 
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East  Wiley  mine  (Wyo.),  coal  from,  analysis 

of 139 

description  of. 402 

Edipee  No.  1  mine  (Okla.),  coal  from,  analysis 

of 64 

description  of. 252,253 

Edgewater  mine  (Ky.),  ooal  from,  analysis  of.       41 

description  of. 207 

Edlund  bed,  Wash.,  coal  from,  analysis  of. . .      108 

descriptionot 340 

Elberfeld,  Ind.,  coal  from  near,  analysis  of. . .       37 

description  of. 200 

Elberfeld  mine  (Ind.).    Su  Elberfeld,  Ind. 
Electric  mine  (Pa.),  coal  from,  analysis  of . . .  84, 85 

description  of. 286,287 

Elisabeth  mine  (Ohio),  coal  from,  analysis  of      61 

description  of. 247 

EUdns  No.  1  mine  (W.  Va.),  coal  from,  an- 
alysis of 126,127 

desoiption  of 377 

EUdns  No.  6  mine  ( W.  Va.),  coal  from,  analy- 

slsof :.     127 

description  of 377,378 

Elk  Lick,  Pa.,  coal  from  near,  analjrsis  of. . . .       96 

description  of 306 

Elkol,  Wyo.,  coal  from  near,  analysis  of 146 

description  of 413 

Elkol  mine  (Wyo.).    See  Elkol,  Wyo. 
Ellensburg,  Wash.,  coal  from  near,  analysis  of     107 

description  of 337,338 

El  Mora,  Pa.,  coal  from  near,  analysis  of 75 

description  of 271,272 

£lyerton,W.Va.,  coal  from  near,  analysis  of..     112 

description  of 347, 348 

Elverton  mine  (W.  Va.).    See  Elverton,  W. 

Va. 
Emery,  Utah,  coal  from  near,  analysis  of 104 

descr^tk>nof 326,327,328 

Empire  A  mine  (Pa.),  coal  from,  analysis  of.       71 

description  of ^ 265,266 

Empire  M  (McKean)  mine  (Pa.),  ooal  from, 

analysis  of 91 

description  of 299 

Empire  R  mine  (Pa.),  ooal  from,  analysis 

of 91 

description  of 299,300 

Engle  Mine  ( Pa.),  coal  from,  analysis  of. 96 

description  of 306 

Engle-StarkvUle  bed,  Colo.,  ooal  from,  analy- 
sis of 29,34 

description  of. 179,180,182,183 

secttonsof 179,182 

Ephralms  Creek  mine  (W.  Va.),  ooal  from, 

analysis  of 114 

descr^tionof 351 

Experimental  mine  (Pa.),  Obal  from,  analysis 

of 67 

description  of 257,268 

F. 

Fairfax,  Wash. ,  coal  from  near,  analysis  of. .  108, 109 
description  of 341,342 

Fairfield  mine  (Colo.),  coal  from,  analysis  of. .       35 
description  of 198 

Fairmount  No.  2  mine  ( Pa.),  coal  from,  analy- 
sis of 89 

description  of 294,296 
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Picart,P{ft.,ooalftoaiiitir,«iiljBiior. 75 

dMcription  of. 272 

FinlfejTilto,  P^y oottl from  Dear, ttialyBis of....       96 

ikK'ilpHuuof. 313 

FfraCnekb«l,W.Va.,oo^frDin,aiMlyBlBof.     U4 

dMcr^tiooof. 351 

section  of. 351 

Fkudgui  pcoHWCt  (Oreg.),  ooil  from,  analy* 

sit  of « 

d«Kription  of. 255 

Flfttgap,  Vft.,  ooal  from  Dear,  umItsIs  of —  89,107 

deicription  of 303,335,338 

FteUMttd  RiTV,  North  Fork  of.  Moot,  ooal 

fnmi  nfltfyUMlyBlBoL 55 

d«Kriptlon  of 227 

Flemii^  Pit  No.  1  (Mo.),  ooal  from,  MalyslB  of      43 

deicr4>tioa  of. 210 

Forbes,  Colo.,  ooal  from  iMBr,aiial7ii8  of 28,29 

descr^tlon  of. 177,178 

Forbes  No.  9  mine  (Colo.)   Am  Forbes,  Colo. 
Forge  Slope  No.  1  mine  (P^),ooal  fhmi,  aoely- 

sisof 79 

description  of 277,278 

Franklin,  Kans., ooal from  near, aoelTsis of...       37 

desalptlouof 200,201 

Fremont,  Utah,  ooal  from  near,  analysis  of....      104 

de8cr4>tion  of. 328 

FrtckNo.2mine(Pa.),ooalfrom,analysisof..       76 

description  of 272 

Froid,  If  ont.,ooal  from  near,  analysis  of 56 

description  of 232 

Frontier,  Wyo.,ooal  from  near,  analysis  of 145 

des(T4>tion  of 413,414 

Fuller,  Kans.,  ooal  from  near,  analysis  of 38 

de8cr^;>tion  of 201 

Fultoo,  Ifo.,  ooal  from  near,  analysis  of 45 

desoiption  of 212 

FoltoD  bed.  Pa.,  ooal  from,  analysis  of. 90,91 

descriptioo  oL 297,206 

sectionsof 297,296 


O. 


Qale  Creek  mine  (Wash.),  coal  from,  analy- 

sisof 109,110 

descriptkio  of. 343,344 

Gardiner,  N.  Hex.,  ooal  from  near,  analysis  of.       57 

descriptioo  of. 236 

(Gardiner  No.  1  mine  (N.  Mitx.),   8et  (Htfd- 
iner,N.lfflx. 

Gayton,  Va.,  coal  from  near,  analysis  of. 106 

desoriptkn  of. 833,334 

Oebo  bed,  Wyo.,  coal  from,  analysis  of .  134,135,136 

description  of. 394,395,396 

secticosof 894,395 

Oebo  mine  (Wyo.),  coal  from,  analysis  of. .  136, 137 

desoriptkn  of. 395,396 

Gelts  mine  (N.  Dak),  ooal  from,  analysis  of. .       60 

descrlptknoC. 245 

Glacier  Creak,  Alaaka,  coal  from  near,  analy- 
sis of 20 

descriptkn  of. ^ 153 

Glamorgan,  Va.,  coal  from  near.    See  Gla- 
morgan bed,  Va. 
Glamorganbed,Va.,  ooal  from,  analysis  of...     107 

descriptioo  oC 335,886 

Sictiootof 885 


Glamorgan  No.   3  mtaw  (Va.).   8tt  Oit^ 

morgan  bed,  Va. 
Qleo  Campbell,  Pa.,  coal  from  near,  aiMlysis 

of. 98 

descr^itfanof 300,301 

Olendfre,  Moot.,  coal  fkom  near,  analysis  of.  54 

descriptiao  oC. 236 

Qlennx^  Wyo.,  ooal  from  near,  analysis  of..  133 

deBCi^»tioo  of 387 

Godfrey  nUne  (W.  Va.),  ooal  fkom,  analysis 

of. 122 

descriptioo  of. 308 

Qoodwm,  W.  Va.,  coal  from  near,  analysis 

of. 122,123 

desulpCioo  of. 309,370,371 

(}oodwiU  nUne  (W.   Va.).   Set  OoodwiU, 

W.Va. 
Ooofdier  No.  2  mine  (Ohio),  ooal  fkom,  aiMly> 

riiof 63 

desuiptioo  of. 348 

Graham,  Ky.,  coal  Crom  near,  analysis  of 41 

descr4>tioo  of 306 

Grand  Jmiction,  Cola,  ooal  from  near,  analy> 

sisof 33 

descriptfao  of. 184,185 

Grand  Rklge,  Wash.,  coal  fkom  near,  anatysb 

of. 107 

desuiptioo  of. 336 

Grand   Rklgo  mine   (Wash.).    8e€   Grand 

Rklge,  Wadi. 
Grusy  Rmi  No.  1  mine  (Pa.),  ooal  fkom, 

analysisoL 96 

descriptioo  of. 806 

Greeo  mine  (Utah),  ooal  from,  analysis  of....  106 

descriptioo  of. 380 

Greisburg,  Pa.,  coal  from  near,  analysis  of..  99 

descriptioo  of. 314 

Groybnll  mine  (Wyo.),  coal  from,  analysisoL  139 

desuiptioo  of. 401 

Oolon  mine  (Pa.),  coallhjm,  analysis  of 89 

j               descriptioo  of. 385 

Gonn,  Wyo.,  ooal  fkom  near,  analysis  of 144 

descriptioo  oL 411 

H. 

Haden,  Idaho,  ooal  fkom  near,  anatyrii of....  SI 

descriptkmof 196,196 

Hale  mine  (Tenn.),  ooal  fkom,  analysis  of...  im 

descriptfan  of 339 

Hale  prospect  (Teon.),  ooal  from,  analyskol.  101 

desoriptionoC 831 

Haller  mine  (Colo.),  ooal  from,  analysis  of....  35 

descr^tioo  of 191 

Hamiltoo  prospect  (Colo.),  coal  fkom,  analy- 
sis of 83 

descriptkmof 187,188 

Hammond  prospect  (Greg.),  ooal  from,  analy- 
sis of 66 

descriptioo  of 256 

Hanna,  Utah,  coal  from  near,  analjTsisoL....  106 

description  of 331,832 

Harmon  bed,  N.  Dak.,  coal  fkom,  analysis  of.  59 

descriptfan  of. 243 

sectfaoof 2a 

Harney  Creek  mine  (Wyo.),  ooal  fkom,  analy- 
sis of 132 

descriptioo  of 


iisfjmx. 
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Harrisborg,  111.,  coal  from  naar,  aaalysis  of. .       37 

dflsoiiption  of. 196,199 

Haitline  No.  1  mine  (Alaska),  coal  from,  amtl- 

ysisof 20 

description  of 154 

Haitline  No.  2  mine  (Alaska),  ooal  from, 

analysisof. 20 

description  of 154 

Haitline  No.  3  mine  (Alaska),  ooal  firom, 

analysisof 20 

description  of 154 

Hartline  No.  4  mine  (Alaska),  ooal  from, 

analysisof. 20 

description  of 154 

Hartline  No.  5  mine  (Alaska),  ooal  from, 

analysisof. 20 

description  of. 154 

Hartline  No.  6  mine  (Alaska),  coal  from, 

analysisof. 21 

description  of 154 

Hartline  No.  7  mine  (Alaska),  ooal  ftom, 

analysisof. 21 

description  of 155 

Hartshome  bed,  Okla.,  coal  from,  analysis  of.       64 

description  of 252 

sections  of 252 

Hastings,  Colo.   5ee  Hastings  bed,  Colo. 

Hastings,  Pa.,  coal  from  near,  analysis  of 76, 77 

description  of 273,274,275 

Hastings  bed,  CkAo.,  ooal  firom,  analysis  of . . .       29 

description  of 178.179 

sections  of 178 

Hastings  mine  (Ck)lo.).   8u  Hast.ing8  bed, 

Colo. 
Havaco  (formeriy  Jed)  mine  (W.  Va.),  coifl 

from,  uialysis  of 116 

descrii>tion  of. 355 

Hawks  Nest,  W.  Va.,  ooal  from  near,  analysis 

of 112 

description  of 348,340 

Haynes,  N .  Dak.,  ooal  from  near,  analysis  of. .       50 

description  of. 242 

Haynes  prospect  (Wye),  ooal  from,  analysis 

of 132 

description  of. 388 

Heber,  Utah,  ooal  from  near,  analysis  of 106 

description  of 332 

Hell  Ctate  mine  (Mont.),  ooal  from,  analysis 

of 55 

description  of 227,228 

Hellier,  Ky.,  coal  from,  near,  analysis  of. 41 

description  of. 207 

Henriette  mine  (Pa.),  ooal  ftom,  analysis  of. .  74, 75 

description  of. 270,271 

Henry  mine  (Idaho),  coal  from,  analysis  of . .      35 

descr^tion  of. 194.195 

Herbert,  Tenn.,  ooal  from  near,  analysis  of. . .     101 

description  of. 319,320 

Herrin  bed,  DL,  ooal  from,  analysis  of 36,37 

description  of. 196,197,198 

seotionsof 197,198 

Hesperus,  Colo.,  ooal  from  near,  analysis  of . .      27 

description  of 174,175 

Hesperus  mine  (Colo.).   See  Hesperus,  Colo. 
Hiawatha^  Utah,  ooal  from  near,  analysis  of.     108 
deser^itlon  of. 323 


Hiawatha  No.  land  No.  2 mines  (Utah).   See 

Hiawatha,  Utah. 
Hickey  mine  (Wyo.),  ooal  from,  analysis  of . .     133 

description  of. 391,392 

HIgho,  Colo.,  ooal  ftom  near,  analysis  of 26 

description  of 172 

Hilger,  ICont.,  coal  from  near,  analysis  of 54 

description  of. 226,227 

HUlis  prospect  (Oreg.),  coal  from,  analysis  of.       66 

description  of 256 

Hilton  mine  (S.  Dak.),  coal  from,  analysis  of..     100 

description  of 316 

Hite  mine  (Pa.),  coal  ftom,  analysis  of 68 

description  of 250,260 

Hogan  prospect  (Utah),  ooal  from,  analysis  of.     104 

description  of 328 

Hden  mine  (N.  Hex.),  coal  from,  analysis  of.       50 

description  of. 241 

Holmes  mine  (N.  Hex.),  coal  from,  analysis  of      57 

description  of 235 

Holsopple,  Pa.,  coal  from  near,  analysis  of 95 

description  of 307,308 

Homer  City,  Pa.,  coal  from  near,  analysis  of.  92,93 

description  of. 301,302 

Honolulu  prospect  (Oreg.),  coal  from,  analysis 

of 67 

description  of 257 

Hopedale,  Ohio,  ooal  from  near,  analysis  of . .       62 

description  of 248,249 

Hopewell,  Pa.,  ooal  from  near,  analysis  of 68,60 

description  of. 280,261 

Hopkins  mine  (W.  Va.),  coal  from,  anal3rsi8  of     132 

descriptioDof 386 

Horseshoe  Bend,  Idaho,  coal  from  near,  anal- 
ysis of 35 

description  of 194,196 

Horseshoe  mine  (Idaho),  ooal  from,  analysis 

of. 36 

description  of. 196 

Hotcoal,  W.  Va.,  ooal  from  near,  analysis  of. .     127 

description  of 378,379 

Hudson,  Wyo.,  ooal  ftom  near,  analysis  of.  133, 134 

description  of. 391,392,393,394 

Huger,  W.  Va.,  ooal  ftom  near,  analysis  of . . .     115 

descripUonof. 364,355 

Hu^ey  prospect  (Wyo.),  ooal  from,  analysis 

of. 141 

description  of 407 

Hume,  If  o.,  ooal  from  near,  analysis  of. 43 

description  of 209,210 

Hunts  mine  (Alaska),  ooal  from  analysis  of. .       21 

description  of 154 

Huntsville,  If  o.,  ooal  firom  near,  analysis  of. .       50 

descriptioD  of 219,220 

Hurst  No.  1  mine  (Ho.).,  ooal  from,  analysis 

of. 47 

descriptioo  of. 216 

Hutchinson  mine  (W.  Va.),  ooal  from,  anal- 
ysis of 121 

descriptioo  of. 366,307 


Indian  mine  (Wya),  coal  from,  analysis  of.  133,134 
desoriptiOD  of 302 

Indiana  No.  6  mine  (Pa.),  ooal  from,  analysis 

of. 92 

descriptioo  of. 300,301 
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Indio  mine  (Ala.),  ooal  Ihnn,  analysis  of 17 

description  of. 148 

Ines,  Wya,  ooal  from  near,  analysis  of. 132 

description  of 387,388 

Inez  mine  ( Wya),  ooal  from,  analysis  of 132 

description  of. 388 

J. 

Jackson  mine  (Colo.),  ooal  from,  analysis  of. .       34 

description  of. 188,188 

Jagger  bed,  Ala.,  coal  from,  analysis  of 19 

description  of 150, 151 

section  of 160 

James  mine  (Colo. ),  ooal  from,  analysis  of. . . .       33 

description  of 185, 186 

Jed,  W.  Va.,  ooal  from  near,  analysis  of. 116 

desoiption  of. 355 

Jed  mine  ( W.  Va. ).    See  Havaoo  mine,W.Va. 
Jefferson  bed,  Ala.,  coal  from,  analysis  of . . . .       17 

description  of 1 48 

sections  of 148 

Jenldnjones,  W.  Va.,  ooal  from  near,  analysis 

of. 116 

description  of 355,356 

Jenkins,  Ky.,  ooal  from  near,  analysis  of 39, 40 

description  of. 204,305 

Jerome,  Pa.,  ooal  from  near,  analysis  of 96 

description  Qf. 308,300 

Jerome  No.  2  mine  (Pa.).    See  Jerome,  Pa. 
John's  Branch  mine  (W.  Va.),  coal  from,  anal- 
ysis of 119 

description  of. 362 

Johnstown,  Pa.,  coal  from  near,  analysis  of. .       77 

description  of. 276 

Jones  bed,  Mont.,  coal  from,  analysis  of. 56 

description  of. 233 

Jones  mine,  ooal  from,  analysis  of (Mont),  56; 

(N.  Dak.),  60;  (S.  Dak.),  100 

description  of (N.  Dak.),  244; 

(Mont.),  233;  (S.  Dak.),  318 
Jones  No.  1  mine  (Mo.),  ooal  from,  analysis  of.       51 

description  of. 221 

Jordan  bed,  Mo.,  ooal  from,  analysis  of. 47 

description  of. 214,215,216 

K. 

Kayoee,  Wyo.,  ooal  from  near,  analysis  of 138 

description  of. 400 

Kay  Moor,  W.  Va.,  ooal  from  near,  analysis 

of 113 

description  of 849,350 

Kay  Moor  No.  1  and  No.  2  mines  (W.  Va.). 

St€  Kay  Moor,  W.  Va. 
Keams  &  Doggins  mlxie  (Utah),  coal  fhun, 

analysisof. *     104 

description  of 329 

Kemmcrer,  Wyo.,  ooal  from  near,  analysis  of     145 

description  of 414 

Kemmerv  No.  1  mina  (Wyo.),  ooal  t^m, 

analysisof. 145 

ooal  f^m,  description  of 413,414 

Kemmerer  No.  4  mine  (Wyo.).   See  Kem- 

merer,  Wyo. 
Keystone  mine  (Pa.),  ooal  from,  analysis  of.       90 
desoriptlon  oL S15 


King  mine,  Ck>Io.,  ooal  from,  analysis  of M 

description  of. 164-165 

Kirby,  Wyo.,  ooal  from  near,  analysis  of. . .  136, 137 

description  of. 395,396 

KJrksviile,  Mo.,  ooal  from  near,  analysis  of.       41 

description  of 907 

Knight  prospect  (Utah),  ooal  from,  analysis 

of 103 

description  of. 334 

Knndsen  mine  (S.  Dak.),  ooal  from,  analysis 

of 100 

description  of. 318 

Koehler,  N.  Mex.,  ooal  from  near,  analysis  of.       58 

descr^tion  of. 237 

Koehler  No.  1  mine  (N.  Mex.).   See  Koehler, 

N.Mez. 
Kooi,  Wyo.,  ooal  from  near,  analysis  of 141, 143 

description  of. 407,408,409 

Kooi  mine  (Wyo.).   See  Kooi,  Wyo. 

L. 

La  Belle  mine  (Ohio),  ooal  fhun,  analysis  of.       68 

description  of. 3S0 

Lafayette,  Colo.,  ooal  from  near,  analysis  of. .       34 

description  of. 163,164 

Landreth  No.  1  mine  (Mo.),  ooal  from,  ana- 
lysis of 49 

description  of. 217,218 

Lane  No.  1  mine  (Mo.),  ooal  from,  analysis  of.       46 

description  of. 214 

Lansing,  Kans.,  ooal  from  near,  analysis  of. .  38,39 

description  of. 302 

Leavenworth,  Kans.,  ooal  from  near,  analy- 

.     sisof 39 

description  of. 302,203 

Leckie,  W.  Va.,  ooal  from  near,  analysis  of.  116, 117 

description  of 356-358 

Leokie  No.  1  and  No.  2  mines  (W.  Va.).   Sm 

Leckie,  W.Va. 
Leith,  N.  Dak.,  ooal  from  near,  analysis  of . .       60 

desoriptlon  of. 344 

Lenore  mine  (Pa.),  coal  from,  analysis  of. . . .      96 

description  of. 307 

Lenore  No.  1  mine  (Pa.),  ooal  from,  analysis 

of 86 

description  of. 289,290 

Lenore  No.  2  mine  (Pa.),  ooal  from,  analysis 

of 86 

description  of 280,290 

Lewis,  Mo.,  ooal  from  near,  analysis  of 48 

description  of 216 

Lewis-Finley  No.  1  mine  (W.  Va.),  ooal  firom, 

analysisof Ul 

description  of 344,345 

Laxington  bed.  Mo.,  ooal  from,  analysis 

of 45,40,51 

description  of. 213,218,219,230 

seotlansof. 1 219 

Lincoln  No.  1  mine  (Pa.),  ooal  from,  analy- 
sisof        78 

description  of. 376 

Linmer  mine  (Pa.),  ooal  from,  analysis  of... .       94 

description  of 306 

LItUetoa,  Ala.,  ooal  fh»m  near,  analysis  of...       17 
desoriptlon  of 147 
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Little  Vermilion  mine  (IlL),  ooal  from,  anal- 

ysisof 37 

description  of 109 

Litton,  Tenn.,  ooal  from  near,  analysis  of...      101 

description  of. 320,321 

Lodgepole,  S.  Dak.,  coal  from  near,  analysis  of     100 

description  of 317 

Logan  No.  5  mine  (Pa.),  coal  from,  analysis  of.       73 

deecr^tionof 268,280 

Lord  bed,  Colo.,  coal  from,  anaybis  of 35 

description  of 192 

section  of. 192 

Lost  Spring,  Wyo.,  coal  from  near,  analysis 

of 132,133 

description  of 388,380,390 

Lou  Creek  mine,  Colo.,  coal  from,analysis  of.       35 

descr^tionof 192 

Louisyille  No.  1  mine  (W.  Va.),  coal  from, 

analysis  of 123 

description  of 370,371 

Looisville  No.  2  mine  (W.  Va.),  coal  from, 

analysis  of 123 

description  of 370,371 

Louisville  No.  3  mine  (W.  Va.),  coal  from, 

analysisof. 123 

description  of 370,371 

Lower  Boiling  bed,  Ky.,  coal  from,  analysis  of      39 

description  of 203 

section  of 208 

Lower  Boiling  bed,  Va.,  coal  from,  analysis 

of 107 

description  of 335 

section  of. 335 

Lower  Elkliom  bed,  Ky.,  coal  from,  analysis 

of 40 

description  of 204,206 

Lower  Freeport  bed,  Ohio,  coal  from,  analysis 

of 61,53 

deacr^tionof 246,247,250 

sectionsof 246,247,250 

Lower  Freeport  bed.  Pa.,  coal  from,  analysis 

of 68,69,70,71,76,77,81,89,93,95 

description  of 259,260,261, 

262,263,254,265,266,273,274,275, 
280,  281, 282, 294, 295, 302, 303, 306 

sections  of 259,262, 

264,265,274,281,294,302,303,306 
Lower  Hartshome  bed,  Okla.,  coal  from, 

analysisof 64 

description  of 252,253,254 

sectionsof 254 

Lower   Kittanning    bed.   Pa.,  coal   from, 

analysisof 59,71, 

72, 73, 74, 75, 76, 78, 79, 80, 81, 82, 
83,  84,  85,86,87,88,89,90,91,95 

description  of  ^ 263,266,267,268, 

269,270,271,272,273,270,277,278,270,280, 
282,283,284,285,286,287,288,289,290,291, 
292,  293,  294,295,296,297,296,299,300,307 

seotkms  of 263,266,267,268, 

2Q9, 270, 271, 273, 276, 278, 279, 280, 282, 
283,284,285,286,287,288,289,290,291, 
292,294,295,296,297,298,299,300,307 
Lower  Rich  Hill  bed.  Mo.,  coal  from,  analysis 

of 43,44 

descr^tionof. 210,211 


Page. 
Lower  Standiford  bed,  Ky.,  coal  from,  analy- 
sis of 39 

description  of 208 

Luoesoo,  Fa.,  coal  from  near,  analysis  of 99 

description  of 315 

Luoesoo  mine  (Pa.).    See  Luoesoo,  Pa. 
Lynwin  mine  (W.Va.),  coal  from,  analysis  of.      130 
description  of 383,384 

M. 

HcAlester,  Okla.,  coal  from  near,  analysis  of.  65,66 

deacr^tionof 254,255 

HcAlester  bed,  Okla.,  coal  from,  analysis  of. .  65,66 

description  of 253,254,255 

McAlpin  No.  1  mine  (W.  Va.),  coal  from 

analysisof 131 

deacr^tionof 385,386 

McCallum  mine  (Colo.),  coal  from,  analysis  of      26 

description  of 172 

McCurtain,  Okla. ,  coal  from  near,  analysis  of.       64 

descr^tion  of. 251,252 

McCurtain  bed,  Okla.    i9ee  McCurtain,  Okla. 
McDonald  mine  (Alaska),  coal  from,  imalysis 

of 21 

description  of 155 

McFarland  prospect  (Tenn.),  coal  from,  anal- 
ysis of 101 

description  of 320,321 

McOufley  mine  (Wyo.),  coal  from,  analysis  of.     138 

description  of 400,401 

McHenry,  Ky.,  coal  from  near,  analysis  of . . .       41 

description  of 207 

McHenry  mine  (Ky.).    See   McHenry,  Ky. 
McQuade  station,  W.  Va.,  ooal  from  near, 

analysisof 128 

description  of 379,380 

Mackton  mine  (Mont.),  coal  from,  analysis  of.       54 

description  of 224,225 

Madera,  Pa.,  coal  from  near,  analysis  of 86,87 

description  of 290,291,292 

Madison,  Pa.,  coal  from  near,  analysis  of 99 

descr^tionof 315 

Madrid,  N.  Mex.,  ooal  from  near,  analysis  of.       59 

description  of 240,241,242 

Manoos,  O>lo.,  coal  from  near,  analysis  of —       35 

descr^tionof 191,192 

Manoos  bed,  Utah,  coal  from,  analysis  of 105 

description  of. 331,332 

section  of 331,332 

Maroeline,  Mo.,  ooal  ttom  near,  analysis  of. . .       49 

description  oL 217,218 

Marr  mine  (<3olo.),  coal  ftom,  analysis  of 27 

description  oL 172 

Martinsburg,  Mo.,  coal  from  near,  analysis  of.       41 

desoriptkmoL 208 

Mary  Lee  bed,  Ala.,  ooal  fh>m,  analysis  of. .       17 

description  oL 147 

sectionsof 147 

Masontown,W.Va.,coal  from  near,  analysis  of     127 

descriptkmof. 377,378 

Masters  bed,  Wyo.,  coal  from,  analysis  of 139 

descriptkmoL 404,405 

sectkmsof 404 

Ufttftnn«irft  Riw,  Alaska,  coal  fh>m  near, 

analysisof. 23 

description  of. 159,160,161,162 
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lf»toakA,W.Va.,c<Mlfroai]iev»UMa7sbor.  123,124 

degcrlption  of 371,372 

Maybeory,  W.  Va.,  coal  from  near,  analysis  of     119 

deKriptkmoL 351 

Mayfleld  No.  2  prospect  (Wyo.),  ooal  tnm, 

analysisoC. 137 

deKriptkmot 397 

Medicine  Lake,  Mont,  coal  from  near,  analy- 
sis of 56 

description  ot 232,233 

Meeker,  Colo.,  ooal  fi!om  near,  analysis  of 35 

descr^itionot 192,193,194 

Meeker  mine  (Colo.).    8u  Meeker,  Cok>. 
Meeteetse,  Wyo.,  ooal  from  near,  analysis  of.  137, 138 

denriptkmot 397,401 

Melbourne,  Mo.,  ooal  from  near,  analysis  of. .       45 

deacriptianot 213 

Mendota,  Mo.,  ooal  fi!om  near,  analysis  of 49 

description  ofL 218 

Mendota  No.  2  mine  (Mo.).    8u  Mendota,  Mo. 
Mendota,  Wash.,  ooal  from  near,  analysis  of..     108 

descriptian  of. 339,340 

Mendota  No.  1  mine  (Wash.).   fi«e  Mendota, 

Wash. 
Middle  Kittanning  bed.  Pa.,  ooal  from,  analy- 
sis ot 75,77,87,88 

descriptkmof. 272,275,292,293 

secUonsof 272,298 

Middle  States  nOne  (W.  Va.),  coal  from, 

analysisot 115 

descripttonoL 854,355 

Mill  Creek,  W.Va.,  ooal  fi!om  near,  analysis  of.     132 

descriptioo  oC 386 

Mill  Creek  mine  (W.  Va.),  coal  from,  analy- 

sisof. 112 

descrfptioaot 348,349 

Miller  bed.  Pa.   fiee  B  or  Lower  Kittanning 

bed.  Fa. 
Miller  No.  Idialt  (Pa.),  ooal  from,  analysis  of.       79 

descr^tioa  ot 278,279 

Miller  Run  mine  (Pa.),  ooal  from,  analysis  of.       76 

deseriptioa  ot 273 

Mindenmines,  Mo.,  ooal  fh>m  near,  analy^ 

sisot 42 

descriptkmot 206,909 

Misqnaly  Chief  bed,  Wash.,  ooal  from,  analy* 

siior 106 

description  ot 841 

section  of 341 

Missoula,  Moot,  ooal  ihim  near,  analysis  of..       55 

description  ot 227,228 

Mitchell  mine,  Colo.,  ooal  from, analysis  of...      26 

descriptkmot 171,172 

Mitchell  ndne  (Wyo.),  coal  from,  analysis  of..     184 

description  ot 893 

Monahan  mine,  Odo.,  ooal  fkom,  analysis  of.       26 

description  ot 172 

Monarch,  Wyo.,  ooal  from  near,  analysis  of. .     143 

descriptionot 409,410 

Monarch  bed,  Wyo.,  ooal  ihmi,  analysis 

ot 141,142,148 

descriptkmot 407,406,409,410,411 

secttonsof 406,409 

Monarch  mine  (Wyo.).   flee  Monarch,  Wyo. 
Mondak,  Mont,  coal  Ihmi  near,  aaalysis  of. .       57 

desulptionot..  ............  ......... 


Moooqgah,  W.  Va.,  ooal  from  near,  analy- 
sis of 121 

descriptionot 365 

Monongahela  City,  Pa.,  ooal  from  near,  anal- 

yafaof 96,99 

descriptkmot 313,314 

Montana  Station,  W.  Va.,  ooal  from  near, 

analysisof. 121 

descriptionot 365,366 

MoDtesuma  bed.  Wash.,  ooal  from,  analysis  of     IQB 

descriptkmot 341,342 

sectionof 342 

Montgomery  mine  (Colo.),  ooal  from,  analy- 
sis ot 35 

description  of 193 

Moofdoa,  Wyo. ,  ooal  from,  near,  analysis  of. .      146 

description  of 416 

Mora,  W.Va.,  coal  from  near,  analysisot...  134,125 

descriptkmof 372,373,374,375 

Morgan  Run  mine  (Pa.),  coal  fkom,  analysis  of  86, 87 

description  of. 291,292 

Moigan  Springs  bed,  Tenn.,  coal  from,  anal- 
ysis of 101 

descriptian  of 320,321 

Moriey,  Colo.,  ooal  firom  near,  analysis  of 39 

descriptkmot 179,180 

Moriey  mine  (Colo.).    See  Morley,  Cok>. 

Morris,  Ala.,ooal  from  near,  analyris  of 17 

description  of. 148 

MQRisdale,Pa.,ooalfromnear, analysisof....  87, W 

desulptionot 290,283 

Morrisdato  No.  1,  No.  2,  and  No.  3  mines.    See 

Macrisdale,  Pa. 
Morrison,  CokkrOoal  from  near,  analysis  of 27 

desoit^tkmot 173,174 

Morton,  Wash.,  ooal  Itom  near,  analysis  of 108 

descriptkmof 340,341 

Mosby  mine,  (3oki.,  ooal  from,  analysis  of 24 

description  of 165 

Mnshannon  No.  10  mine  (Pa.),  ooal  from, 

analysis  of 85 

descr^tkmot 287,288 

MoundyiUe,  Mo.,  ooal  from  near,  analysis  of. .       51 

descriptkmot 221 

Moundsville,  W.  Va.,  ooal  from  near,  analysis 

ot 123 

descriptkmot 367,366 

Mount  Ann,  Alaska,  ooal  from,  analysisof ...       21 

descriptkmof. 154 

Mount  Hamilton,  Alaska,  ooal  from,  analysis 

ot 21 

descr^tkmot 155 

Mowiy  mine  (Cok>.),  ooal  flPom,  analysis  of 34 

descriptkmot 180 

Mulbeny  bed,  Mo.,  ooal  firom,  analysis  of 42,43 

descriptionot 209,210 

Mulky  bed.  Mo.,  ooal  from,  analysis  of 41,50,51 

deaeriptkmot 208,230 

Mullin  mine  (Ky.),  ooal  from,  analysis  of 39 

descriptkmof....^ 303 

Munson,  Pa.,  ooal  fh)m  near,  analysisot 88,89 

descriptkmot 293,294 

N. 

NantyOk),  Pa.,  ooal  fkxmi  near,  analysis  of 78,79 

descriptkmof. 276,277 

NeilNo.l  mine  (Mo.),  ooal  from,  analysis  of..  46,47 
deseriptkmot 214 
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Neto(mbed,l*eDiL,ooallhnB,ftiialysl8of. 108 

dMnriptionof 322, 3?3 

Netoon  mine  (8.  Dak.),  ooal  from,  aaatysb  of. .     100 

description  of. 317 

Nevada  mine  (Nev.)y  ooal  from,  analysis  of....      67 

deecr^tion  of. 235 

New  Acme,  Wyo. ,  coal  from  near,  analysis  of.     143 

description  of. 410,4U 

New  Acme  mine  (Wyo.).    See  New  Acme, 

Wyo. 
Newcastle,  Colo. ,  coal  firom  near,  analysis  of         25 

description  of. 158,109 

Neweomb  mine  (S.  Dak.),  coal  from,  analysis 

oL :..:..     100 

description  of. 317 

New  Home,  Mo. ,  coal  from  near,  analysis  of . . .       43 

description  of 210 

New  Home  No.  1  mine  (Mo.).   See  New 

Home,  Mo. 
New  Prospect  mine  (Tenn.),  ooal  from,  anal- 
ysis of 108 

descr^tion  of 822,328 

Nipper  &  Monroe  mine  (N.  Dak.),  ooal  lh>m, 

analyslsof, 60 

description  of 242 

Nolde  mine  (Ohio),  coal  from,  analysis  of 63 

description  of. ^.     251 

Norfolk  mine  (  W.Va.),  coal  from,  analysis  of  1      119 

desoiptioD  of 361 

Northern  No.  2  mine  (Mo.),  coal  firom,  anal- 

yaisof 60 

description  of. 219,220 

North  Pole  mine  (Tenn.),  coal  from,  analjrsis 

of. 102 

descriptieB  of 322 

North  Side  mine  (Mont.),  ooal  from,  analyMs 

of. 58 

descriptioo  of. 223,224 

No.  4  bed,  Ind.,  ooal  from,  analysis  of. 37 

description  of 199,200 

secttensof 199 

No.  6  bed,  ni.,  coal  from,  analysis  of 37 

description  of 198,199 

sections  of 198 

No.6bed,  Ind.,  coal  from,  analysis  of. 37 

description  of. 200 

section  of 200 

No.  6  bed,  m.,  coal  from,  analysistof 86,37 

description  of. 196-199 

sections  of 197,198 

No.  7  bed,  Ohio,  coal  from,  analysis  of 63 

description  of. 251 

sections  of 251 

No.  8  bed,  Ohio,  coal  from,  analysis  of 62,63 

description  of. 248,249,250 

sectionsof 248,249,250 

No.  9  bed,  Ky.,  coal  from,  analysis  of 40,41 

description  of. 205,206,207 

NjTsss,  Oreg.,  coal  from  near,  analysis  of 67 

description  of 257 

O. 

(^Bilen  daims  (Alaska),  ooal  fhmi,  analyMs 

of. 23 

description  of. 150,160,161,162 
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O'Qara  No.  9  mi  He  (HI.),  ooal  firoin,  analysis 

of. 87 

description  of. 198,199 

Oak  mine  (Pa.),  ooal  fjrom,  analysts  of 68 

description  of. 260 

Oakdale  mine  (Colo.),  ooal  from,  analysis  of. .      26 

desoiptton  of 170,171 

Oakley,  Idaho,  ooal  from  near,  analysis  of....       86 

description  of. 195 

Oak  Station,  Pa.,  ooal  tnm,  near,  analysis  of.       68 

description  of. 260 

Oidcvlew,  Colo.,  coal  finoiA  near,  analysis  of...       26 

description  of. 170,171 

Old  Abe  bed,  N.Mex.,  ooal  fh>m,  analysis  of..       59 

descriptioo  of. 239 

section  of 239 

Old  Abe  mine  (N.  Mex.).   See  Old  Abe  bed, 

N.  Mex. 
Oneidamine(Pa.),  ooal  from,  analysis  of....      95 

description  of 307,308 

Onyon  mine  (Wyo.),  coal  from,  analysis  of. .     133 

description  of. 880 

Oregon  No.  2  mine  (W.  Va.),  coal  from, 

analysis  of. 120 

descriptioo  of. 868,864 

Oregon  No.  3  mine  ( W.  Va.),  coal  from,  analy- 
sis of 120 

description  of. 363,364 

Orris  No.  1  mine  (Mo.),  coal  from,  analysis  of. .  60, 51 

description  of. 220 

Osoeola  Mills,  Pa.,  coal  Irom  near,  analysis 

of 84,85,89 

desoriptioB  ol. 286,287,288,299,294,295 


P. 


Painted  Rook,  Mont.,  coal  from  near,  analysis 

of 56 

de8cr4>tion  of. 228 

Panama,  III.,  coal  from  near,  analysis  of 37 

de8cr4>tlon  of. 197.198 

Panama,  Mo.,  coal  from  near,  analysis  of . . . .       61 

dcecr^tlon  of. 221 

Panama  mine  (W.Va),  coal  from,  analysis  of.     122 

description  of. 367.368 

Panama  Na  1  mine  (IlL).    See  Panama,  01. 
Pardee,  Va.,  coal  from  near,  analysis  of 107 

desoiptlon  oL 386 

Pardee  bed,  Va.    5ee  Pardee,  Va. 
Pardee  No.  1  mine  (Va.).    See  Pardee,  Va. 
Parker  Run  mine  (W.  Va.),  coal  from,  analy- 
sis of 121 

description  of. 365,366 

Parks  No.  l  mine  (Mo.),  coal  from,  analysis  of.       46 

description  of. 213 

Parlett  mine  (Ohio),  coal  from,  analysis  of 62 

description  of. 248.249 

Pawama  No.  1  mine  (W.  Va.),  coal  from, 

analjTsisof. 123 

description  of. 371 

Pawama  No.  2  mine  (W.  Va.),  coal  from, 

analysisof. 124 

description  of. 372 

Peacock  prospect,  N.  Mex.,  coal  from,  analysis 

of 59 

dcwTiptionof. 241,242 
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Pevlvss  No.  1  mine  (Pa.),  coal  from,  analysis 

.   of 75 

descriptioo  of. 271,272 

Penitentiary  mine  (Kans.),  coal  from,  analy- 
sis of 38,39 

descr^tion  of. 203 

Pennsylvania  No.  2  mine  (Pa.),  coal  from, 

analysisof. 72,73 

description  of. 268 

Pennsylvania  No.  11  mine  (Pa.),  coal  from, 

analysisof. 76,77 

description  of. *. 273-276 

Pennsylvania  No.  12  mine  (Pa.),  coal  Irom, 

analysisof. 77 

description  of. 273-275 

Pennsylvania  No.  15  mine  (Pa.),  ooal  from, 

analjrsisof. 71 

description  of. 966,267 

Pennsylvania  No.  21  mine  (Pa.),  ooal  from, 

analysisof. 81 

description  of. 280-282 

Pennsylvania  No.  22  mine  (Pa.),  ooal  from, 

analysisof, 81 

description  of. 280-282 

Penobecott  mine  (Pa.),  coal  from,  analjTsis  of.       07 

description  of. 311-312 

Perins,  Colo. ,  coal  from  near,  analysis  of 27 

description  of. 175-176 

Perins  Peak  mine  (Colo.).    See  Perins,  Colo. 
Pharis  No.  1  mine  (Mo.),  coal  from,  analysis 

of 47 

description  of. 214-215 

Phillips  mine  (8.  Dak.),  ooal  from,  analysis  of     100 

description  of. 318 

Philipsbiirg,  Pa. ,  coal  from  near,  analysis  of. .       80 

description  of. 205 

Pierce  mine  (Mont. ),  coal  fhnn,  analjrsis  of 57 

description  of. 234 

Pigg  No.  1  mine  (Mo.),  coal  from,  analysis  of.       48 

description  of. 216 

PIkeview,  C^lo. ,  coal  from  near,  analysis  of . . .       24 

description  of. 166 

PIkeview  mine  (Colo.).    See  PIkeview,  Colo. 
PIkeville,  Tenn.,  coal  from  near,  analysis  of . . .     101 

description  of. 320,321 

Ptnehfll,  Pa.,  coal  from  near,  analysis  of 06 

description  of. 300-310 

Ptney  Fork,  Ohio,  coal  from  near,  analjrsis  of.  62,63 

description  of. 240 

Piney  Fork  No.  1  and  No.  2  mines  (Ohio). 

See  Piney  Fork,  Ohio. 
Piney  mine  ( W.  Va.),  coal  from,  analysis  of.  114, 115 

description  of. 352,353 

PInkham  mine  (N.  Dak.),  coal  from,  analysis 

of 50 

description  of. 242 

Pinnacle  mine  (W.Va.),  coal  from,  analysis  of     125 

description  of 373-374 

Pittsburgh  bed,  Ohio,  coal  from,  analysis  of. .  62, 63 

description  of 248,240,250 

sections  of 248,240,260 

Pittsburgh  bed.  Pa.,  coal  from,  analysis  of —      67, 

68,97,08,00,110,111,121 

description  of 257,258,280,811, 

312,313,314,315,344,345,365,366,367 
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Pittsburg  bed.  Pa.,  sectkn  of 258, 

260,311,312,313,314,345,364,366 
Pittsburgh  bed,  W.  Va.,  ooal  fhim,  analysis 

ol 122 

descrlptioD  of 367,368 

section  of 367 

Pittston,  Pa.,  coal  fh>m  near,  analysis  of 08 

descriptionof 308 

Pittston  bed.  Pa.    5«e  Pittston,  Pa. 

Plata,  N.  Dak.,  coal  from  near,  analysis  of. . .       60 

description  of 244 

Plentjrwood,  Mont.,  coal  ftom  near,  analysis  of      57 

description  of 234 

Plumb  Run  No.  1  mine  (Ohio),  coal  fhim, 

analysisof. 68 

description  of 240-250 

Plumb  Run  No.  4  nllne  (Ohio),  coal  fhim, 

analysis  of 63 

description  of....: 240-260 

Plumb  Run  No.  5  mine  (Ohio),  coal  from, 

analysisof 68 

descrlptioD  of 240-250 

Plymouth  No.  1  mine  (Pa.),  coal  fhim,  an* 

alysbof 80 

description  of 270 

Pocahontas  No.  3  bed,  W.  Va.,  coal  from, 

analysisof. 114,115,116, 

117,118,110,120,122,123,124,125,126 

description  of 352, 

353,354,355,356,357,358,350,361,864, 
368, 360, 370, 371 ,  372, 373, 374, 375, 876 

section  of 352,353,356,357,358,364, 

368, 360, 370, 3n ,  373, 378, 374, 375. 376 
Pocahontas  No.  4  bed,  W.  Va.,  coal  fhim, 

analjrsisof 115,120 

description  of 853,354,355,363,364 

section  of 353,354,368' 

Pocahontas  No.  6  mine  (W.  Va.),  ooal  from, 

analysisof 116 

description  of 365-356 

section  of 356 

Pocahontas  No.  6-B  mine  (W.  Va.),  coal  from, 

analysis  of 116 

description  of 355-356 

section  of 356 

Pocahontas  No.  7-A  mine  (W.  Va.),  coal  from, 

analysisof 116 

description  of 355-356 

section  of 356 

Portage,  Pa.,  coal  from  near,  analysis  of —  70,80,81 

description  of 277-280 

Potts  Run  No.  3.  mine  (Pa.),  coal  from, 

analysis  of 85, 86 

description  of 280 

Powell  mine  (N.  Dak.),  coal  from,  analysis  of.       60 

description  of 245 

Powers    mine    (Va.)»  coal  from,  analysis 

of 105 

description  of 332 

Prather  No.  1  mine  (Mo.),  coal  fh>m,  analysis 

of 44,46 

description  of 211-212 

Price,  Utah,  coal  from  near,  analysis  of 103 

description  of 324 

Primero,  Colo.,  coal  from  near,  analysis  of —  20-33 
description  of. 180-182 
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Primero  mines  (Colo.)*    See  Primero,  Colo. 
Proposia  mine  ( Wyo.),  coal  from,  analysis  of.     134 

description  of 393-3W 

Puggsley  mine  (Wyo.),  coal  from,  analysis  of.     138 

description  of 399 

Pullen  No.  1  mine  (Mo. ) ,  coal  from,  analysis  of      42 

description  of 208,209 

Purdon  mine,  Colo.,  coal  from,  analysis  of 24 

description  of. 166 

R. 

Raleigh,  W.  Va.,  coal  from,  analysis  of 128 

description  of 380 

Raleigh  No.  1  and  No.  3  mines  (W.  Va.). 

See  Raleigh,  W.  Va. 
Ralph,  S.  Dak.,  coal  from  near,  analysis  of. .     100 

description  of 317 

Ralphton,  Pa.,  coal  from  near,  analysis  of —  96, 97 

description  of 310,311 

Ralphton  No.  3  mine  (Pa.)  coal  from,  analysis 

of 96,97 

description  of 310 

Ralphton  No.  4  mine  (Pa.),  coal  fh>m,  analysis 

of 97 

description  of 310, 31 1 

Ramah,  Colo.,  coal  from  near,  analysis  of . . . .       24 

description  of 166 

Raton  bed,  N.  Hex.,  coal  from,  analysis  of. . .  57,58 

description  of 235,236,237 

section  of 236, 237 

Red  Ash  bed,  Pa.,  coal  from,  analysis  of 98 

description  of 304 

Red'  Ash  mine  (Wyo.),  coal  from,  analysis  of.,      138 

description  of 400 

Red  Bank  mine  (Mont.),  coal  from,  analysis  of      56 

description  of 230,231 

Rees-Qrass  Creek  mine  (Utah),  coal  from, 

analysis  of. 104 

description  of 329 

Renick,  Mo.,  coal  from  near,  analysis  of 50,51 

descriptton  of 220 

Reuben    Boiling    mine    (Va.),    coal    from, 

analysis  of 107 

description  of 335 

Reynolds  mine  (Utah),  coal  from,  analysis  of.      105 

description  of 331 

Riach  mine  (C3olo. ),  coal  from,  analysis  of. . . .       26 

description  of 171 

Rich  Hill,  Mo. ,  coal  from  near,  analysis  of 44 

description  of 210,211 

Ridi  Hill  bed.  Mo.,  coal  from,  analysis  of 43,51 

description  of 221 

Richard ,  W . Va. ,  coal  from  near ,  analysis  of.  126, 127 

description  of 377 

Richardson  mine  (Mont.),  coal  from,  analysis 

of 55 

description  of 230 

Richland  bed,  Tenn . ,  coal  from,  analysis  of. . .      102 

description  of 322 

Ricfawood,  W .  Va. ,  coal  from  near,  analysis  of.     1 14 

descriptk>n  of 351 ,  352 

Ridgway,  Ck>lo.,  coal  from  near,  analysis  of. .       35 

descriptk)n  of 192 

Ritchie  No.  1  pit  (Mo.),  coal  from,  analysis  of.       44 

description  of 211 
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Ritchie  No.  2  pit  (Mo.),  coal  from,  analysis  of.       44 

descriptfen  of 211 

Robertsdale,  Pa. ,  coal  fh)m  near,  analysis  of . .       90 

descriptk>n  of 207,298 

Robertsdale  mine(Pa.).  iS^e  Robertsdale,  Pa. 
Rockvale,  Colo.,  coal  from  near,  analysis  of. .       25 

descriptfen  of 167, 168 

Rockvale  mine  (Colo.).    See  Rockvale,  Colo. 
Roderfldd,  W.  Va.,  coal  from  near,  analysis  of     117 

description  of 358, 359 

Rolfe,  W .  Va.,  coal  from  near,  analysis  of 1 18 

description  of 359, 360 

Rolfe  mine  (W.  Va.).    See  Rolfe,  W.  Va. 

Rosin  mine  (Wyo.),  coal  from,  analysis  of 133 

description  of 389,390 

Roslyn,  Wash.,  ooalfrom  near,  analysis  of..  107,108 

description  of 338, 330 

Roslyn  No.  1  and  No.  2  mines  (Wash.).    See 
Roslyn,  Wash. 

S. 

St.  Mary's  Creek,  Alaska,  coal  from  near, 

analysis  of 21 

description  of 155 

Sagamore  No.  1  mine  (W.  Va.),  coal  from, 

analysis  of 125 

description  of 374, 376 

Sagamore  No.  2  mine  (W.  Va.),  coal  from, 

analysis  of 125 

description  of 374,375 

Salina,  Utah,  coal  from  near,  analysis  of 104 

description  of 329 

San  Bois  No.  2  mine  (Okla.),  coal  from, 

analysis  of 64 

description  of 251,252 

San  Juan  mine  (Colo.),  coal  from,  analysis  of..       27 

description  of 174 

Schoenberger  mine  (Pa.),  coal  from,  analysis 

of 97,98 

description  of 312 

Scranton,N.  Dak.,  coal  from  near,  analysis  of.       59 

description  of 243 

Scranton  mine  (N.  Dak.).    See  Scranton,  N. 
Dak. 

Sewaneo  bed,  Tenn.,  coal  from,  analysis  of 101 

description  of 319,320,321 

Sewell  bed,  W.  Va.,  coal  from,  analysis  of Ill, 

112, 113, 114, 132 

description  of 345, 

346, 347, 348, 349, 350, 351, 352, 386 

sections  of 345,346,348,350,352,386 

Sewell  mine  (W.Va.),  coal  from,  analysis  of..      Ill 

description  of 345, 346 

Sewickley  bed,  W .  Va.,  coal  from,  analysis  of.      121 

description  of. 365,366 

sections  of 366 

Shafer  mine  (Colo. ),  coal  from,  analysis  of 33 

description  of 186 

Sheldon  No.  1  mine  (Mo.),  coal  from,  analy- 
sis of 47 

description  (tf. 215 

Sheridan  No.  2  mine  (Kans.),  coal  from, 

anal3rsisof 38 

description  of 201 

ShoU  mine  (Mont.),  coal  from,  analysis  of . . .       55 
description  of. 228 


